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ABSTRACT 
Mature ewes were equipped with catheters in the portal, 
hepatic, mesenteric and femoral veins and femoral artery. 
Blood flows were measured by infusing a 1. 5% solution of 
para-aminohippurate into the mesenteric vein at . 764 ml/min. 
Net fluxes of metabolites were calculated by multiplying 
veno-arterial differences by tissue blood flows. 
Study 1. Twenty experiments were conducted on five 
ewes to determine the effects of fungus-infested fescue hay 
on energy nutrients and regulatory hormone net fluxes. Ten 
experiments were conducted for each a fungus-free and 
fungus-infested fescue hay diet. Fungus-infested hay 
decreased arterial concentrations of acetoacetate and B­
hydroxybutyrate by 15 and 30% due to a 24% decrease in 
alimentary ketogenesis. However, this was less than 2% of 
the total digestible energy intake. 
Alkaloids present in fungus-infested fescue may 
stimulate the energy wasteful hepatic mixed-function oxidase 
system and may explain the increased rectal temperatures and 
decreased weight gains in animals experiencing fescue 
toxicity because the entire energy change of the reaction 
must be dissipated as heat. 
Study 2. Respiration rates, rectal temperatures and mixed­
function oxidase activity as measued by hepatic antipyrine 
uptake was measured in three ewes to determine the effects 
vi 
of fungus-infestation and i.v. cimetidine (800 mg/d/ewe). 
Antipyrine, (.218% w/v) was infused into a 
mesenteric vein. Respiration rates, rectal temperatures and 
hepatic antipyrine uptakes increased following 11 d 
consumption of fungus-infested fescue, whereas 4 d treatment 
with cimetidine lowered these parameters back to control 
values. 
Study 3. The efficacy of oral cimetidine (1200 mg/d) 
to reverse the changes observed in ewes fed fungus-infested 
hay were investigated using five ewes. Oral cimetidine did 
not change rectal temperatures, however, it increased plasma 
prolactin and decreased hepatic antipyrine uptake in ewes 
fed fungus-infested fescue. 
Study 4. The efficacy of ergotamine tartrate to mimic 
fescue toxicity and metoclopramide to ameliorate these 
effects were investigated using four ewes. Fungus­
infestation and ergotamine tartrate decreased plasma 
prolactin 69 and 94% and increased hepatic antipyrine 
extraction. Metoclopramide increased plasma prolactin 
concentrations and decreased hepatic antipyrine extraction 
in ewes fed fungus-infested fescue and ergotamine tartrate. 
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CHAPTER I 
INTRODUCTION 
Due to its adaptive nature, tall fescue (Festuca 
arundinaceae Schreb. ) is the predominant cool season forage 
grass grown on approximately 1 4  million ha in the transition 
zone of the United States (Hemken et al. , 1 9 84;  Lyons et 
al. , 1 9 8 6 ) . Tall fescue has several excellent agronomic 
characteristics including its tolerance of soil moisture 
{Seay, 1 9 60) , salinity and pH (Yates, 1 9 6 4) ,  and its 
production of a tough sod {Seay, 1 9 60) which allows it to be 
closely grazed. Tall fescue is a high yielding, persistent 
forage with excellent seed production (Ball, 1 9 84) .  Plant 
growth occurs whenever the mean weekly temperature is above 
40° F allowing it to be grazed more throughout the year than 
many other grasses (Yates, 1 9 6 4) .  However, health and 
performance of animals grazing tall fescue are often poor 
(Jacobsen et al. , 1 970; Hemken et al. , 1 97 9, 1 9 84;  Siegel et 
al. , 1 9 84;  Lyons et al. , 1 9 8 6 ) .  
Fescue toxicity is not a recent problem facing 
livestock producers. One form of fescue toxicity, fescue 
foot, was first described in Australia in 1 9 4 9  by Cunningham 
and in New Zealand in 1 9 50 by Pulsford {1 9 50) . Goodman 
{1 9 52 )  was the first to report fescue foot in the United 
States. 
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Fescue toxicity is a general term used to describe 
responses which occur in animals consuming fescue infested 
with the fungus Acremonium coenophialum (Morgan-Jones and 
Garns). Two major types of fescue toxicity occur and are 
manifested during different times of the year. Fescue foot 
is a disorder characterized by tail and hoof sloughing 
during the winter months while summer fescue toxicosis 
(summer syndrome) is characterized by rough hair coats, 
elevated respiration rates and rectal temperatures, 
decreased serum prolactin concentrations and poor animal 
performance. It is believed that these disorders arise as a 
result of the toxic alkaloids produced by A. coenophialum 
and/or indigenous to tall fescue. 
CHAPTER II 
LITERATURE REVIEW 
GRASS-FUNGUS RELATIONSHIP 
The relationship between the fungus Acrernoniurn 
coenophialurn (Morgan-Jones and Garns) and plant (Festuca 
arundinaceae, Schreb.) is one of symbiosis. Some species of 
fungus, including A. coenophialurn, convey favorable 
attributes to the host including increased vigor, insect 
resistance, altered growth habits and mammalian toxicity 
(Bacon et al., 1986). The endophyte species A. coenophialum 
belongs to the fungus tribe Balansiae which is of the 
Claviceptaceae family. Unlike the Claviceps tribe, all 
Balansiae tribes are completely systemic parasites; hyphae 
are located within both leaf and inflorescence stern cell 
tissues (Bacon et al., 1986). The fungus can be found in 
the plant within 2 d of germination and located within the 
leaves of the seedling by 8 to 10 d. Coordinated growth of 
the fungus along with the flower shoots of tall fescue in 
early spring enable the hyphae to sequester between the 
cells of the scutellurn and endosperm (Bacon et al., 1986). 
In the dormant seed, the fungus is located within the 
aleurone layer, near the embryo and following germination 
can be found in the embryo (Lyons and Bacon, 1985), 
therefore, the infection is strictly seed-borne. The fungus 
is viable for one year, unless seeds are stored at low 
temperatures which prolongs viability (Bacon et al., 1986). 
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A. coenophialum has sometimes been referred to as 
Epichloe typhina. This confusion is understandable because 
E. typhina is the sexual, sporulating state of the fungus, 
whereas, A. coenophialum is the asexual, nonsporulating 
state (Bacon et al., 1986). This asexual state was 
originally referred to as Sphacelia typhina by Saccardo in 
188 1. However, following discovery of significant 
morphological differences between S. typhina and E. typhina, 
Morgan-Jones and Garns (1982) renamed the fungus A. 
coenophialum. 
ALKALOIDS AND FESCUE TOXICITY 
Toxic alkaloids have been implicated in the etiology of 
fescue toxicity for many years. In the winter of 1958-59 
the first alkaloid containing alcoholic extract was obtained 
and when fed to a heifer symptoms of fescue foot appeared 
(Seay, 1960). However, when toxic fescue known to produce 
fescue foot was analyzed for ergot sclerotia, the causative 
agent in ergotism, none could be found (Magg and Tobiska, 
1956), suggesting another fungus specie (s) may be 
responsible. 
Forages known to produce fescue toxicity have an 
infestation rate of E. typhina (the sexual stage of A. 
coenophialum) of 100 per cent (Bacon et al. , 1986) and the 
degree of infestation is related to the degree of toxicity 
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(Yates and Powell, 1 9 88) .  Many alkaloids have been isolated 
from tall fescue infested with A. coenophialum including 
pyrrolizidine (N-acetyl and N-formyl loline) , 
diazophenanthrene (perloline and perlolidine) {Grimmett and 
Melville, 1 9 4 3 ; Yates, 1 9 8 3 )  {Figure 1 ) , B-carbolines 
(harmane and norharmane) (Bush and Jeffreys, 1 97 5 ; Davis and 
Camp, 1 9 8 3 )  and ergopeptine alkaloids (ergovaline and 
ergosine) (Porter et al. , 1 97 9, 1 9 8 1 ;  Lyons et al. , 1 9 8 6 }  
{Figure 2) . These one, some, or all of these alkaloids with 
their various modes of action and physiological effects on 
animals are believed to be the causative agents of fescue 
toxicity. 
FESCUE FOOT 
Fescue foot is a noninfectious disease which occurs in 
animals grazing tall fescue, particularly, but not 
exclusively, within the winter months. Fescue foot is 
characterized by a necrosis and dry gangrene of the distal 
portion of the legs, ears and tail (Davis and Camp, 1 9 8 3 ) .  
Characteristically, lameness is the first sign of fescue 
foot and is usually followed by a swelling of the affected 
limb near the fetlock region {Cunningham, 1 9 4 9; Merriman, 
1 9 5 5 ) .  As the disease advances drying and hardening of the 
skin occur below the affected area followed by a distinct 
line of demarcation. The area is cold and insensitive and 
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FIGURE 1 .  STRUCTURES OF THE PYRROLIZIDINE ALKALOIDS, 
N-ACETYL (a) and N-FORMYL (b) LOLINE 
AND DIAZOPHENANTHRENE ALKALOIDS, 
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often develops dry gangrene which leads to sloughing of the 
peripheral tissues involved (Goodman, 1952; Jensen, 1956; 
Ashley, 1958). Ergot and selenium poisoning, foot rot and 
frozen feet are diseases similar to fescue foot and are 
often confused with it (Goodman, 1952; Merriman, 1955). It 
was believed that the fungus Claviceps purpurea, an ergot 
producing fungus, was responsible for fescue foot. However, 
ergot sclerotia was not present in the toxic forage (Magg 
and Tobiska, 1956). Yates and Powell (1988) later 
discovered that Claviceps is not a major fungus infesting 
fescue grass indicating the presence of another specie (s) of 
fungus which may be responsible for producing toxic 
alkaloids. 
Role of Alkaloids in Fescue Foot. Halostachine (Figure 
2), is a potent vasopressor and peripheral vasoconstrictor. 
Its concentration in plants increases with decreasing 
temperature and just prior to the occurance of fescue foot 
(Davis, 1983). Halostachine has been shown to decrease the 
weighted average coronary band temperature in cattle when 
ambient temperatures fall below 13° c (Yates et al. , 1979; 
Davis and Camp, 1983). Another class of compounds isolated 
from infested fescue are the ergopeptine alkaloids (Porter 
et al. , 1979, 198 1; Lyons et al. , 1986). Ergopeptine 
alkaloids also possess vasoconstrictor activity (Berde and 
Schild, 1978) and may also contribute to fescue foot. 
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SUMMER FESCUE TOXICOSIS 
Although not as physiologically deleterious as fescue 
foot, summer fescue toxicosis or summer syndrome is a more 
economically debilitating disorder. Symptoms of summer 
syndrome include rough hair coats, excessive salivation, 
elevated respiration rates and rectal temperatures, lowered 
serum prolactin concentrations, depressed dry matter intake 
and weight gains, and in dairy cattle decreased milk 
production (Jacobsen et al., 1970; Hemken et al., 1979, 
198 1, 1984; Steen et al., 1979; Jackson et al., 1984a, 
1984b). Several alkaloids have been implicated in summer 
syndrome. 
Effects on Rumen Fermentation. The diazophenanthrene 
alkaloids, perloline and perlolidine, were demonstrated to 
have inhibitory effects on rumen fermentation. Perloline 
concentrations exceeding 9. 1 X 10-5 M inhibited in vitro 
cellulose digestion by 77% (Bush et al., 1970). In a 
subsequent study, in vitro cellulose digestion and VFA 
production were inhibited at perloline concentrations 
exceeding 10-4 M (Bush et al., 1972). In addition, 
cellulolytic bacteria growth (Bacteroides succinogenes, 
Butyrivibrio fibrisolvens, Ruminococcus albus and 
Ruminococcus flavefaciens) was completely inhibited in all 
species at 10-3  M. Concomitant with changes in cellulose 
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digestion and cellulolytic bacterial growth were alterations 
in total VFA production and proportions of individual VFA. 
Generally, total VFA production and the molar percent of 
proprionate decreased while butyrate increased as inhibition 
of cellulose digestion increased. (Bush et al., 1972). 
However, ergovaline decreased total VFA at 1.5 ppm but 
increased total VFA at 3.0 ppm with no change in molar 
percent (Hannah et al., 1990). 
Perlolidine, the three ring component of perloline, 
lowers apparent crude protein digestibility in lambs (Boling 
et al., 1975). In addition, perlolidine reduces VFA and 
bacterial protein production and cellulose digestion (Bush 
et al., 1976). These studies demonstrate the detrimental 
effects of perloline and perlolidine in vitro, however, 
under grazing conditions these alkaloids have not shown any 
toxic effects (Hemken et al., 1984). The Gl-307 variety of 
tall fescue, a low perloline variety, was more toxic to 
animals than the original high perloline or Kentucky 3 1  tall 
fescue varieties (Hemken et al., 1979, 1981; Steen et al., 
1979). Alkaloid analysis of this new tall fescue variety 
(Gl- 307) revealed high levels of the pyrrolizidine 
alkaloids, N-acetyl and N-formyl loline, which were present 
at concentrations of 643 and 972 ug/g, respectively (Jackson 
et al., 1984). Pyrrolizidine alkaloid concentrations have 
been correlated positively to endophy�e infestation of 
fescue (Bush et al., 1982; Stuedemann et al., 1985). 
Effects on Dry Matter Intake. Dry matter intake is 
consistently lower in animals consuming Gl-307 than on 
alfalfa, Kentucky 31  or Gl-306 (Hemken et al., 1979) and 
benomyl treated Gl-307 or orchard grass (Jackson et al., 
1984a). These results indicate that Gl-307 has a more 
pronounced effect on decreasing intake than varieties 
containing higher perloline concentrations. 
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Effects on Respiration Rates. The effects of Gl- 307 on 
respiration rates have been varied. Respiration rates were 
significantly higher in animals consuming Gl- 307 compared to 
animals consuming Kentucky 31 (Hemken et al., 1979) or 
orchard grass and benomyl treated Gl-307 (Jackson et al., 
1984a). However, when Kenhy tall fescue seed high in loline 
concentration (>550 ug/g) was compared to Kenhy of low 
loline concentration (< 1 ug/g) no difference in respiration 
rates were observed (Jackson et al., 1984a). Jackson et al. 
( 1984b) observed no difference in respiration rates between 
animals consuming Gl- 307, Kentucky 31  or orchard grass. 
Effects on Rectal Temperatures. Changes in rectal 
temperatures were similar to those of respiration rates. 
Jackson et al. (1984a) observed significantly higher rectal 
temperatures in steers fed Gl-307 compared to orchard grass, 
but no significant difference between Gl-307 and Gl-307 
benomyl treated hay. Rectal temperatures were significantly 
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higher in steers fed Kenhy high loline seed than either low 
loline seed or control diet (corn-oats) (Jackson et al. , 
1984a). In contrast, no significant differences in rectal 
temperatures were observed between Kentucky 3 1, Gl-306 and 
Gl-307 (Hemken et al., 1979) and Gl- 307 and Ky 3 1  (Jackson 
et al. , 1984b). 
Effects on Weight Gain. 
adversely affected by Gl- 307. 
Body weight changes were also 
Changes in body weight have 
been difficult to monitor, especially during grazing trials, 
because toxic fescue usually reduces dry matter intake in 
addition to depressing weight gains. When compared to 
orchard grass, Kentucky 31 and benomyl treated Gl-307 steers 
fed Gl- 307 lost more weight (Jackson et al. , 1984a, 1984b). 
Hemken et al. (1979) observed significant weight loss in 
cows fed Gl-307 compared to cows fed Kentucky 31  or Gl-306. 
In a 112  d grazing study Angus steer calves consuming high 
endophyte Kentucky 31  (57% infested) had significantly lower 
daily gains compared to calves grazing a low endophyte 
Johnstone (<1% infested) fescue (Boling et al. , 1989). The 
difference in total weight loss and daily gains may be 
attributed to significantly lower intakes which were also 
observed in several studies making it difficult to separate 
the two effects. 
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Effects on Serum Prolactin. Another characteristic 
effect of endophyte-infested fescue on animals is decreased 
serum prolactin concentrations. Holstein calves fed Gl-307 
had significantly lower prolactin concentrations compared to 
counterparts fed Gl-306 (Hurley et al. , 1 9 8 1 ) .  Angus heifer 
and steer calves receiving a high endophyte fescue ration 
had significantly lower serum prolactin concentrations than 
calves receiving a low endophyte fescue (Boling et al. , 
1 9 89;  Lipham et al. , 1 9 89) .  Ergot alkaloids have been shown 
to decrease serum prolactin concentrations in cattle (Schams 
et al. , 1 972 ) and have been implicated in the incidence of 
fescue toxicity (Bacon et al. , 1 9 8 6 ) .  
BIOTRANSFORMATION AND MIXED-FUNCTION OXIDASES 
The cytochrome P-4 50 dependent mixed-function oxidase 
(MFO) system is essential in detoxication processes. 
Cytochrome P-4 50 (P-4 50) and NADPH cytochrome P-4 50 
reductase comprise the MFO. Hepatic MFO and several 
conjugative enzymes, particularly sulfotransferases (ST} , 
UDP-glucuronyltransferases (UDP-GT} and glutathione-s­
transferases (GSH-T} comprise the primary drug metabolizing 
system in the body (Bidlack et al. , 1 9 8 6 ) .  The first step 
(Phase I) in detoxication occurs when functional groups of 
substrates are altered by the MFO through reactions such as 
oxidation, N- or o- dealkylations, or hydroxylation (Figure 
3) . The conjugation enzymes then add endogenous cofactors 
ROH
\ /
RH 
�Fe
3+
� 
(ROH) Fe3+ (RH) Fe3+ 
(R) (Fe-OH) 3+ 
(RH) (Fe-0) 3+ 
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FIGURE 3. PROPOSED MECHANISM OF ACTION OF LIVER MICROSOMAL 
CYTOCHROME P-4 50, WHERE RH REPRESENTS THE SUBSTRATE 
AND ROH THE PRODUCT. 
From Coon. 19 7 8. 
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(Phase I I} such as sulfate, glucuronate or glutathione to 
these altered sites making the substrate more water soluble 
and easier to excrete (Bidlack et al. , 1 98 6 ) .  Species 
(Table 1 )  and tissues (Table 2) differ in their ability to 
metabolize xenobiotics, and endogenous and exogenous 
compounds. They also differ in both capacity and 
specificity for various substrates (Smith et al. , 1 984;  
Watkins et al., 1 987 ) . 
Brattsten et al. (1 977 ) suggested that the MFO plays an 
important role in the feeding strategies of herbivores. 
Ruminant MFO may have evolved by exposure of herbivores to 
secondary substances of plants, i.e., phenols, quinones, 
terpenoids and alkaloids (Erhlich and Raven, 1 96 5 ; Brattsten 
et al., 1 977 ) .  Many alkaloids have been isolated from 
fescue infested with the fungus A. coenophialum (Porter et 
al. , 1 97 9, 1 98 1 ; Davis and Camp, 1 983; Jackson et al. , 
1 984a; Lyons et al. , 1 98 6 ; Yates and Powell, 1 98 8) .  
Ingestion and subsequent absorption of these alkaloids 
necessitates the presence of MFO. Chronic ingestion of 
these alkaloids may stimulate MFO and cause MFO homeorhesis. 
TECHNIQUES FOR MEASURING MIXED-FUNCTION OXIDASE ACTIVITY 
Developed in 1 96 8, the antipyrine test is the most 
widely used model drug test to determine effects of 
environment, genetics, disease and xenobiotics on activity 
of hepatic drug metabolism (Danhof et al., 1 97 9; Vesell, 
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TABLE 1 .  HEPATIC MIIROSOMAL CYTOCHROME P-4 50 CONCENTRATI�NS 
(nmol * mg protein- ) AND ACTIVITIES (nmol * mg protein- ) 
OF HEPATIC BIOTRANSFORMATIONAL ENZYMES IN CATTLE, SHEEP, 
SWINE AND RATS. 
ENZYME SYSTEM 
AND SUBSTRATE 
cytochroae P-450 
Bydrozylase 
benzo (a ) pyrene 
Hydro lase 
styrene oxide 
11-demetbylase 
ethylmorphine 
Acetyltransferase 
sulfamethazine 0.0025a 
p-aminobenzoic acid 3.96a 
Sulfotransferase 
2-naphthol 2.96a 
taurolithocholate 0.0067a 
Glutatbione 
s-transferase 
CDNB3 1, 272a 
sulfobromophthalein 0.32a 
NDCB4 O. 70a 
ethacrynic acid 19.60a 
'01lP-glueuronosyl 
transferase 
chloramphenicol 0.022a 
diethylstilbesterol 0.787ab 
estrone 0.7745 
1-naphthol 2.905 
8.74 
l.82e 
962e 
0.56e 
11. 30 
2.68e 
0.18 
2.96 
1 From Smith et al. , 1 9 84. 
0.0042a 
1. 70b 
2.09b 
0.0398b 
1,158a 
6.llb 
3.16a 
4.55b 
0.0365 
1.57b 
0.4625 
17.30b 
2 From Watkins et al. , 1 9 87 . 
3 1 -chloro-2 , 4  dinitrobenzene. 
4 1 ,2 -dichloro-4-nitrobenzene. 
nxn:1 llT1 
0.303b 0.594a 
0.038a 0.774b 
7.53 11.40c 8.36c 
3.s8f 1.39c 5.09a 
0.0047a 0.009a 
0.621b 0.771b 
0.84 f 0.095c 0.785d 
0.0066a 0.0131c 
2,094f 2,746b 2,659b 
3.ssf 2.46a 9.29c 
2.44a 118.0b 
9.99 2.27b 33.Bc 
0.157b 0.155b 
1. 79f 2.70C 0.453d 
0.21 0.7245 0.006b 
3.62 s.so•c 6.43d 
a, b, c, d Values within a row with different superscripts 
are different, (P < >05 ) .  
e, f Values within a row with different superscripts are 
different, (P < .05 ) .  
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TABLE 2 .  MICROSOMAL CYTOCHROME P-4 50 CONCENTRATIONS (nmol* 
mg protein-1 ) AND ACTIVITIES (nmol*min-1 mg protein-1 ) OF 
BIOTRANSFORMATIONAL ENZYMES IN HEPATIC, RENAL, 
ILEAL AND RUMEN TISSUES OF CATTLE AND SHEEP. 
ENZYME SYSTEM IIEPATIC BENAL 
AND SUBSTRATE CATTLE SHEEP CATTLE 
cytochro•• P-450 0.64ac o.32bc o.osad 
Hydro lase 
styrene oxide a,74ac 7.53ac o,75ad 
N-demethylase 
ethylmorphine 8.92ac J.
sabc 0.06ad 
Sulfotransferase 
2-naphthol 1.a2ac o,a4bc 0.9lad 
Glutathione 
s-tr,nsferase 
CDNB 962ac 2,094bc 54oad 
SBP3 0.56ac 3.55bc o,27ad 
ethacrynic acid 11. 3ac 9.99ac 18.lad 
UDP-glucuronosyl 
tra2sferase 
DES 2.68ac 1,79bc 0.16ad 
estrone o.1aac o.21ac O.Olad 
1-naphthol 2.96ac 3.62ac 2.04ad 
1 From Watkins et al., 19 87. 
2 1 -chloro-2 , 4-dinitrobenzene. 
3 sulfobromophthalein. 
4 diethylstilbesterol. 
SHEEP 
o.osad 
0.42bd 
o.23bd 
0.23bd 
628ad 
1,33bd 
12.9bd 
o. 2oad 
o.01ad 
0.56bd 
;(LEAL 
CATTLE SHEEP 
0.13 ae o.02bd 
0.87ad o,59ad 
o.24ad o.19ad 
o.22ae o.22ad 
688ad 471bd 
0.39ae 0.78be 
19.0ad 14.abd 
0.14ad 0.34bd 
0.04ad o.2obc 
0.26ae 0.67bd 
SHEEP 
O.lle 
0.21d 
ND 
0.31d 
482d 
1,45d 
22.4e 
0.43d 
0.62e 
0.96d 
a, b Row values within tissues with different superscripts 
are different, (P < >05 ) .  
c, d, e, f Row values within species with different 
superscripts are different, {P < .05 ) .  
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1979). The antipyrine test consists of measuring antipyrine 
clearance from plasma or saliva following a single oral 
dose. Antipyrines (Figure 4) unique pharmacological 
properties of rapid and complete absorption from the 
gastrointestinal tract, distribution in total body water, 
negligible binding to tissue or plasma proteins and 
extensive hepatic metabolism with a low hepatic extraction 
ratio and negligible renal elimination qualify it for use as 
a test drug (Vesell, 1979). These qualities allow 
antipyrine to accurately reflect, indirectly, measurements 
of hepatic drug metabolism, i.e., MFO. The antipyrine test 
is most successful in measuring changes in drug metabolism 
which occur in a normal state and again after imposition of 
various conditions. The use of subjects as  their own 
control is an important feature of the antipyrine test 
(Danhof et al., 1979). It allows for high reproducibility 
and eliminates the large between or among individual 
variation in drug metabolism (Vesell, 1979). 
The antipyrine test is  an excellent indirect method for 
measuring hepatic MFO activity in humans (Shively et al., 
1979; Vesell, 1979; Wood et al., 1979). However, it i s  
unsuitable for ruminants. Disappearance of plasma 
antipyrine injected i.v. does not correlate well with 
hepatic extraction of antipyrine (Zanzalari et al., 1987). 
Since antipyrine equilibrates readily with total body water 
and since ruminants produce upwards of 200 1 of saliva per 
(a) 
2 ,3-DIMETHYL-1 -PHENYL-3 -PYROZOLIN-5 -0NE 
(b) 
N-CYANO-N ' -METHYL-N" - (2 - ( ( (5 -METHYL-lH-IMIDAZOL-4-YL) 
METHYL ] THIO J ETHYL ] GUANIDINE 
Cl 
(c) 
2 -METHOXY-5 -CHLOROPROCAINAMIDE 
FIGURE 4. STRUCTURES OF ANTIPYRINE (a) , 
CIMETIDINE (b) AND METOCLOPRAMIDE (c) . 
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day, antipyrine could be carried to the rumen where it is 
finally metabolized by either rumen microbes or rumen 
epithelium (Zanzalari, 1987). ovine rumen epithelium 
possess oxidative and conjugative biotransformation 
capabilities (Watkins et al., 1987). Application of the 
catheterization technique introduced by Katz and Bergman 
(1969) in conjuction with measurement of antipyrine 
metabolism as an indirect indicator of hepatic MFO activity 
was successful in ruminants (Zanzalari, 1987) . Placement of 
the mesenteric vein catheter approximately 20 cm caudal 
(upstream) of the porta-hepatis is important because any 
infused marker such as para-aminohippurate or antipyrine may 
be subject to incomplete mixing due to laminar flow if the 
catheter is less than 10 cm caudal to the portal sampling 
site (Bergman, 1975). In addition, infusion of antipyrine 
at this site significantly reduces loss of antipyrine to 
body water before it can be metabolized by hepatic MFO. 
Hepatic uptake (metabolism) of antipyrine can then be 
calculated by multiplying the venoarterial concentration 
difference (concentration of plasma antipyrine leaving the 
liver minus the concentration of plasma antipyrine entering 
the liver) by blood flow. 
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INHIBITION OF MIXED-FUNCTION OXIDASE ACTIVITY 
Although necessary, the MFO has been identified as an 
energy wasteful system because oxidation of both substrate 
and cofactor occur without the production of a high energy 
compound such as ATP (Pirola and Lieber, 1 97 5 ) .  
Consequently the entire energy change of the reaction must 
be dissipated as heat. For example, oxidizing a carbon atom 
from the oxidation state of an alcohol to the oxidation 
state of a carboxyl group utilizing MFO instead of alcohol 
dehydrogenase would result in a net loss of 12 ATP (Smith, 
1 9 8 1 ) .  Stimulation of hepatic MFO can significantly lower 
the metabolic efficiency of the body (Pirola and Lieber, 
1 97 5 ) .  Dorsey and Smith (1 9 8 1 )  suggest that the reverse 
situation, i. e. , reduced MFO activity, could result in 
conservation of metabolic energy. Therefore, inhibition of 
the MFO might increase efficiency of energy utilization. 
Cimetidine. Cimetidine, a 4, 5 substituted imidazole 
and H2-receptor antagonist (Figure 4) (Brimblecombe et al. , 
1 97 5 ) inhibits phase I detoxication reactions (Puurunen et 
al. , 1 9 80; Knodell et al. , 1 9 82; Speeg et al. , 1 9 82; Hoensch 
et al. , 1 9 8 5 ) .  Imidazole derivatives are potent reversible 
inhibitors of MFO activity (Testa and Jenner, 1 9 8 1 ; Knodell 
et al. , 1 9 82) and express their inhibition through 
concomitant binding to the lipophilic region of P-4 50 and to 
its prosthetic heme iron (active site of P-4 50) (Schenkman 
2 2  
et al., 1981; Rendic et al., 1983). Competitive occupation 
of the P-450 heme active site prevents substrate and 
molecular oxygen binding (Ortiz de Montellano and Reich, 
1986). Cimetidine may also mediate its effects through the 
H2 receptor. H2-receptor antagonism reduces hepatic blood 
flow (Feely et al., 1981) and may impair hepatic drug 
metabolism (Knodell et al., 1982). Cimetidine is a 
relatively nonspecific P-450 inhibitor whereas ranitidine, 
another H2-receptor antagonist, more specifically inhibits 
P-450 isozymes (Hoensch et al., 1985). Cimetidine does not 
inhibit phase II detoxication reactions (Knodell et al., 
1982). 
Cimetidine is orally active in humans and following 
oral and i.v. administration is 70% bioavailable (Burland et 
al., 1975). Peak blood concentrations of cimetidine occur 
within 60 to 90 min when given orally prior to food intake 
and 150 to 240 min when given concomitantly with food 
intake. Peak concentrations prior to and concomitantly with 
food intake are approximately 73  uM and 48 uM, respectively 
(Spence et al., 1976). 
Cimetidine is widely distributed throughout all tissues 
of the body and except for liver, kidney and adrenal cortex, 
is rapidly excreted from these tissues (Brimblecombe et al., 
1975). In humans the plasma half-life of cimetidine is 
approximately 123 min (Brimblecombe et al., 1975) and 70% of 
an oral 200 mg dose is recovered in the urine within 24 h 
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(Burland et al. , 1975). Approximately 50% of cimetidine 
found in urine is present as unchanged drug (Taylor and 
Cresswell, 1975). In rats, 58% of an oral dose (30 mg/kg) 
is excreted within 24 h of which 50% was unchanged drug. 
Three other cimetidine metabolites are also found in urine, 
a sulphoxide, hydroxymethyl and guanylurea metabolite which 
account for 12, 7 and 2% of urinary cimetidine output 
(Taylor and Cresswell, 1975). 
Metoclopramide. The most consistent and marked 
response in animals consuming endophyte-infested fescue is 
depressed serum prolactin concentrations. Depression of 
prolactin concentrations have been observed in cattle given 
synthetic ergot alkaloids (Schams et al. , 1972). This 
response is believed to be mediated through dopamine 
antagonism (Hokfelt and Fuxe, 1972). Dopamine 
concentrations have been shown to be inversely related to 
prolactin levels (Gonzalez-Villapando et al. , 1980). 
Metoclopramide, a substituted benzamide (Figure 4), 
possesses dopamine receptor antagonism (Pinder et al. , 1976) 
and increases serum prolactin in rats (Carlson et al. , 
1977), cattle (Lipham et al. , 1987) and sheep (Fitzgerald 
and Cunningham, 1982). Administration of metoclopramide to 
steers grazing endophyte-infested fescue increases serum 
prolactin, average daily gain and grazing time (Lipham et 
al. , 1989). However, the mechanism of action with respect 
to increased average daily gain and time spent grazing is 
unknown. 
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Metoclopramide is an orally active drug with a 
bioavailability ranging between 32 to 97%. Peak blood 
concentrations reach 80 ng/ml within 60 min following a 20 
mg oral dose (Bateman et al., 1980). Metoclopramide 
undergoes extensive extravascular distribution when given 
i.v. and its distribution is best described through the two­
compartment model of drug disposition (Bateman et al., 1980; 
Harrington et al., 198 3). Mean plasma half-life of 
metoclopramide following oral, i.v. and i.m. administration 
was 4.8, 3.6 and 3.6 h, respectively (Bateman et al., 1979; 
Graffner et al., 1979). Metoclopramide is excreted in the 
urine in several forms. The predominant metabolite, the N-4 
sulfate of metoclopramide, accounts for 32 to 40% of an oral 
dose while unchanged drug accounts for up to 25%. The 
remaining metabolites consist of the sulfate and glucuronate 
conjugated forms of non-metabolized metoclopramide (Bateman 
et al., 1980). 
To date, no data on the effects of metoclopramide on 
mixed-function oxidase activity have been published. Since 
it is a potent stimulator of prolactin secretion it is of 
interest to investigate the possible effects of 
metoclopramide on hepatic MFO activity. 
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SUMMARY 
Fescue toxicity is a syndrome which arises in animals 
consuming tall fescue infested with the endophytic fungus A. 
coenophialum. The toxic alkaloids produced by the fungus 
are believed to mediate the responses observed in affected 
animals. These include hoof and tail sloughing, elevated 
respiration rates and rectal temperatures and decreased 
serum prolactin concentrations and weight gains. Decreased 
weight gains may be the result of inefficient energy 
utilization, through alteration of dietary energy components 
and/or stimulation of the energy wasteful MFO. 
Therefore, the objectives of this research were to: 1) 
determine if fungus-infested fescue alters metabolism of 
energy metabolites by changing net flux across splanchnic 
and peripheral tissues; 2) determine if fungus-infested 
fescue increases and i. v. administration of cimetidine 
decreases the activity of the energy wasteful hepatic mixed­
function oxidase system; 3) determine the efficacy of orally 
administered cimetidine to inhibit hepatic mixed-function 
oxidase activity and 4) determine the effectiveness of 
ergotamine tartrate to mimic the effects of fungus-infested 
fescue and the ability of metoclopramide to ameliorate these 
effects. 
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PART II. ENERGY METABOLITE AND REGULATORY HORMONE 
CONCENTRATIONS AND FLUXES ACROSS SPLANCHNIC 
AND PERIPHERAL TISSUES OF SHEEP 
FED FUNGUS-INFESTED FESCUE HAY 
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CHAPTER I 
ABSTRACT 
Five mature ewes (66 + 3. 6 kg) were utilized in 20 
experiments to determine the effects of fungus infestation 
on splanchnic and peripheral net flux of energy metabolites 
and their regulatory hormones. Ewes were equipped with 
permanent indwelling catheters in the mesenteric, portal, 
hepatic and femoral veins and femoral artery. Control 
measurements of portal-drained viscera (PDV), liver (HEP), 
total splanchnic (TSP) and hindquarter (RUMP) net flux rates 
were made following 14 d consumption of fungus-free (E-) 
hay. Ewes were switched to fungus-infested (E+) hay for 14 
d and measurements were repeated. Feed intake ( 1. 6  kg/d), 
body weight changes (-. 6 kg), and blood flows (2. 0, 2. 5, and 
1. 3 1/min in the portal, hepatic, and femoral veins) were 
similar between treatments. E+ hay decreased arterial 
concentrations of acetoacetate (ACAC) and B-hydroxybutyrate 
(BOHB) by 15 and 30% due to decreased PDV and TSP ketone 
body release. HEP and RUMP ketone body flux rates were 
unaffected by E+  hay. Arterial glucose and free fatty acid 
(FFA) concentrations did not change when E+ hay was fed 
although PDV glucose and RUMP FFA release decreased. 
Insulin concentration increased from 18. 1 to 25.5 uU/ml on 
E+  hay due to a two-fold increase in PDV insulin release. 
Although PDV glucagon release also increased when E+ hay was 
fed, there was an equal and concomitant increase in HEP 
3 7  
glucagon uptake resulting in no change in TSP release and, 
consequently, no change in glucagon concentrations. E+ hay 
decreased PDV energy release from ketone bodies by only 56 
kcal/d with little subsequent effect on HEP, TSP, or RUMP 
flux rates. Although there were some small changes in 
concentrations and flux rates of some energy metabolites and 
their regulatory hormones when E+ hay was fed, it is 
unlikely that these changes could explain the etiology of 
fescue toxicity. 
(Key Words: Festuca, Acremonium, Ruminant, Blood Flow) 
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CHAPTER II 
INTRODUCTION 
Due to its adaptive nature, tall fescue (Festuca 
arundinacea Schreb.) is the predominant cool season forage 
grass grown on approximately 14 million ha in the transition 
zone of the United States (Hemken et al., 1984; Lyons et 
al., 1986). However, health and performance of animals 
grazing tall fescue are often poor (Jacobsen et al., 1970; 
Hemken et al., 1979, 1984; Jackson et al., 1984a; Steen et 
al., 1979) and have been attributed to the presence of 
alkaloids in tall fescue infested with the endophytic fungus 
Acremonium coenophialum (Morgan-Jones and Garns) (Davis and 
Camp, 1983; Hemken et al., 1984; Porter et al., 1981). 
Perloline decreased in vitro cellulose digestion (Bush et 
al., 1970), growth of cellulolytic bacteria and VFA 
production (Bush et al., 1972), bacterial protein production 
(Bush et al., 1976) and apparent crude protein and cellulose 
digestion (Boling et al., 1975). Hannah et al. (1990) 
observed decreased digestibilities of ruminal and total 
tract OM, NDF and cellulose in sheep fed diets containing 3 
ppm ergovaline. Harmon et al. (1991) observed increased 
arterial B-hydroxybutyrate (BOHB) and decreased butyrate 
concentrations along with decreased net portal flux of 
acetate when steers were switched from fungus-free (E-) to 
fungus-infested (E+}  hay and suggested that minor 
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alterations in ruminal digestion do occur in animals fed E+ 
fescue. 
The objectives of our study were to further investigate 
the effects of fungus infestation of fescue on energy 
metabolite and regulatory hormone concentrations and net 
fluxes across portal-drained visceral (PDV), hepatic (HEP), 
splanchnic {TSP) and hindquarter (RUMP) tissues in sheep. 
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CHAPTER III  
MATERIALS AND METHODS 
Net flux of glucose, ketones, free fatty acids (FFA), 
insulin and glucagon across PDV, HEP, TSP and RUMP tissues 
were measured in five mature crossbred ewes fed E- and E+ 
fescue hay. Ten experiments were conducted on each 
experimental diet and diets were fed for 14 d. Because 
catheter patency is always a concern with multicatheterized 
animals all ten E- experiments were conducted first (late 
August to early October) followed by ten E+  experiments 
(early October to November). This design was intended to 
reduce length of each experimental feeding period and to 
eliminate any carryover effects which may have occurred had 
E+ hay been fed first. A total of eight ewes were 
surgically prepared, but three animals were removed from the 
study due to failure of catheter patency of either the 
portal or hepatic vein. Although the femoral catheter 
closed on an additional four sheep during the course of the 
study, they were not removed since PDV, HEP and TSP data 
could still be measured. Consequently, RUMP data was only 
collected on five E- experiments and seven E+ experiments. 
The minimum and maximum number of experiments conducted per 
ewe ranged between two and seven. Data from one ewe (four 
experiments) originated from only one experimental diet (E+ 
hay) whereas data from the remaining four ewes were 
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collected from at least one E- and one E+  experiment (Table 
1 ) • 
ANIMAL CARE 
Ewes were housed in individual pens ( 1 . 8  x 3 . 0 m) at 15 
to 21° c with natural l ight ing . Ewes were fed 1 . 6 kg hay 
per day in two 800g port ions at 0800 and 1600 . Dr inking 
water and trace mineral ized salt were ava ilable ad l ib itum . 
EXPERIMENTAL HAYS 
Hays were grown and harvested on adjacent, sim ilar 
plots under identical conditions at the Un ivers ity of 
Tennessee Plant and So il Sc ience farm . Proximate analyses 
of hays were determ ined according to AOAC ( 1984) procedures 
(Table 2) . Level of fungus infestation was determ ined by 
the enzyme-l inked immunosorbent assay (ELISA }  (Redd ick and 
Coll ins, 1988) . The E- hay was less than 1% infested , 
whereas the E+ hay was greater than 55% infested . 
SURGICAL TECHNIQUE 
Surgeries were performed 10 to 14 d prior to 
experiments . Ewes were fasted 24 h prior to surgery to 
prevent bloat, emesis, and other gastrointestinal 
disturbances . Water and trace mineralized salt were readily 
ava ilable . 
TABLE 1. NUMBER OF EXPERIMENTS CONDUCTED ON EACH EWE 
FOR EACH EXPERIMENTAL DIET. 
Fungus- Fungus-
Ewe free infested 
464 4 3 
454 3 1 
8 2  0 4 
5 3  2 1 
19 1 1 
Total 10 10 
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TABLE 2. PROXIMATE ANALYSES OF FUNGUS-FREE 
AND FUNGUS-INFESTED FESCUE HAYa, % 
Fungus- Fungus-
Item free infested 
Dry matter 9 1 . 4 9 1 . 4  
Crude Protein 16 . 1  17 . 6  
Ether extract 2 . 3  2 . 7  
N-free extract 46 . 0  44 . 5  
Ash 6 . 0  8 . 4 
Acid detergent fiber 3 2 . 9  3 0 . 3 
Cellulose 3 0 . 1 2 8 . 0  
a All except dry matter on a dry matter basis 
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Prior to surgery, ewes were equipped with a face mask 
and initially anesthetized with a halothane-oxygen mixture 
(5 % halothane carried in 2.0 1/min o2) .  Immediately after 
loss of mandible tension and swallowing reflex, the ewes 
were intubated with an endotracheal tube (9 mm cuffed) 
through which surgical level anesthesia was introduced and 
maintained (2% halothane carried in 2.0 1/min 02) .  
Esophageal intubation was also performed to prevent 
inspiration of fluid and possible suffocation during 
surgery. Surgical level anesthesia was determined by lack 
of pedal reflex, eye dialation and position, and finally, 
lack of response to scalpel. 
Implantation of the tygon femoral catheters (80 cm long 
with two silastic cuffs 20 cm from tip ; 1 .27 mm i.d., 2.2 9  
mm o.d.) as performed while the ewes were in dorsal 
recumbancy. The femoral artery was palpated for position 
and a 9 cm incision was made in the inguinal region j ust 
medial of the m. sartorius muscle of the left rear leg. 
Exposure of the artery and vein was accomplished by 
separation of the m. gracilis and m. sartorius muscles at 
their point of j uncture. The artery was then totally 
occluded j ust cranial of the saphenous branch by double 
ligation with o braided silk. The artery was nicked and the 
catheter was inserted 20 cm so that the tip resided in the 
caudal aorta j ust cranial of the femoral artery branch. The 
catheter was anchored in and to the artery by ligatures 
placed between and behind the two silastic cuffs of the 
catheter situated just cranial of the point of insertion. 
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Implantation of the femoral vein catheter was similar 
to that of the artery. The catheters were exteriorized out 
the caudal surface of the left rear leg and attached to the 
rump with branding cement. 
A 30 cm abdominal incision was initiated 4 cm caudal of 
the thirteenth rib (costa XIII) and 5 cm ventral of the 
first lumbar vertebra (vertebra lumbalis I). The incision 
was brought ventrally, 4 cm caudal of the thirteenth rib, 
following the costal arch (arcus costalis). The left 
lateral lobe of the liver was exposed and palpated near the 
reticular impression for a branch of the hepatic vein and in 
the omasal impression region between the left and quadrate 
lobes for a branch of the portal vein. An incision was made 
through the parenchyma of the liver into the lumen of each 
vein. Tygon catheters (80 cm long fitted with a silastic 
tip and three silastic cuffs 4, 7 and 10 cm from the tip ; 
1.27 mm i.d., 2.27 mm o.d.) were inserted into the lumen of 
each vein and checked for placement. Verification of portal 
catheter placement was done by palpation of the porta­
hepatis for catheter tip. Verification of hepatic catheter 
placement was accomplished by inserting the catheter tip 
past the thoracic cavity and placing a temporary air bubble 
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within the catheter to see if it moved i n  response to heart 
beat and respiration. The catheters were anchored to the 
surface of the left lateral lobe by 3 ligatures tied behind 
each cuff. 
Implantation of the mesenteric vein catheter (80 cm 
long with two silastic cuffs 3 to 4 cm from tip; 1. 02 mm 
i. d. , 1.78 mm o. d.) was accomplished after isolation of a 
branch of the common mesenteric. The vein was totally 
occluded and then nicked. The catheter was inserted into 
the vein far enough (approximately 4 cm) so that the tip 
resided in the common mesenteric vein and was at least 20 cm 
caudal to the porta-hepatis. Mesenteric catheter tip 
location is important because any infused marker (PAR and 
antipyrine in this study) may be subject to incomplete 
mixing due to laminar flow if the catheter tip is less than 
10 cm caudal to the portal sampling site (Bergman, 1975). 
Verification of tip placement was through palpation of the 
common mesenteric. The catheter was anchored in and to the 
vein by two ligatures tied behind each cuff. All abdominal 
catheters were exteriorized over the lumbar shelf and 
attached to the back by branding cement. 
Following surgery, ewes were placed on their sternum 
and closely supervised until they were able to stand without 
assistance. Combiotic (4 ml) was given immediately after 
surgery, and thereafter, at 24 h intervals for 4 d. Furacin 
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paste with a mild analgesic was applied along all suture 
lines and points of catheter exteriorizations . Ewes were 
fully recovered by 2 4  h, as determined by normal rectal 
temperature readings for 2 d and consumption of 1 . 5 kg d-l 
of the experimental diet. 
EXPERIMENTAL PROCEDURES 
On experimental days, a 1 . 5 %  solution of para­
amninohippurate (PAH} was infused into the mesenteric vein 
at .7 6 4  ml/min following a 2 5  ml primed dose of the same 
solution. Infusion of PAH into a mesenteric vein allows 
measurement of POV, HEP and TSP blood flow. Following a 1 
hr equilibration period six serial blood samples (1 5 ml) 
were withdrawn simultaneously from the hepatic, portal and 
femoral vein and femoral artery catheters at 30 min 
intervals. Immediately following the last blood sampling 
time, PAH was infused into the femoral artery at .7 6 4  
ml/min. Following at least a 10 min equilibration period 
three serial blood samples were withdrawn simultaneously 
from a jugular vein and femoral vein catheter at 5 min 
intervals . Jugular minus femoral vein PAH differences 
permitted the calculation of rump blood flow . 
CHEMICAL METHODS 
Analysis of blood was conducted for packed cell volume and 
concentrations of whole blood PAH, glucose, acetoacetate 
(ACAC} and BOHB and plasma free fatty acids (FFA) , insulin 
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and glucagon. PAH was determined as described by Kaufman 
and Bergman ( 1971). One ml of whole blood was added to 5 ml 
of tt2o and mixed. Five ml of this mixture was added to 5 ml 
of trichloroacetic acid (20% w/v), mixed, and allowed to 
separate for 1 h. The supernatant then was filtered through 
a Whatman No. four paper and boiled slowly in a reflux 
condenser for deacetylation. After this filtrate cooled to 
room temperature, a 1 ml aliquot was added to .2 ml of 1.2 N 
HCL and mixed. In rapid succession, and always with mixing, 
.1  ml each of NaNO2 (1%, w/v), ammonium sulfamate (5%, w/v), 
and N- 1 naphthylethylenediamine dihydrochloride ( 1%, w/v) 
were added. After a 10 min reaction time at room 
temperature, optical density was measured at 540 nm. 
Glucose was determined using the Sigma glucostat 5 10 
kit (Sigma Chemical Co., St. Louis, MO) and ACAC and BOHB 
according to the enzymatic assay of Williamson and Mellanby 
(1965). Plasma FFA were analyzed with a WA.KO 
NEFA-C kit (WA.KO Chemical USA, Dallas, TX) and insulin and 
glucagon were analyzed according to the standard double­
antibody radioimmunoassay technique of Yalow ( 1976). 
CALCULATIONS 
Whole blood flow rates for each tissue were calculated 
by dividing the infusion rate of PAH by the venoarterial 
concentration difference across each tissue using the 
indicator-dilution method: 
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F = rPAH/ { CvPAH - cA
PAH) 
where F equals whole blood flow through the organ in 1/min, 
rPAH is the infusion rate of PAH in optical density units 
per m in, and cA
PAH and cvPAH are the PAH optical density 
units per 1 in the appropr iate input and output vessels. 
Portal and hepatic vein flows were measured d irectly and 
hepatic arter ial flow was calculated as the d ifference 
between the two. Plasma flows were calculated by 
subtracting that portion of the flow represented by the 
packed cell volume. 
Net fluxes of metabol ites were calculated us ing the 
follow ing equations: 
Portal-dra ined v isceral flux = PF { Cp - Ca } 
Hepatic flux = PF { Ch - Cp) + AF { Ch - Ca } 
Total Splanchnic flux = HF { Ch - Ca) 
Hindquarter flux = FF (Cfa - Cfv) 
where PF, AF, HF and FF are the blood or plasma flow rates 
( 1/m in) in the portal vein, hepatic artery, hepatic vein and 
femoral artery, respectively, and Cp, Ca, Ch, Cfa and Cfv 
are the concentrations (mg/ 1) of metabolites in portal ve in, 
hepatic artery, hepatic vein, femoral artery and femoral 
ve in, respectively. A negative value denotes metabolite 
uptake, whereas a pos itive value denotes metabolite release 
by a specific tissue. 
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Extraction ratios for each metabolite and each tissue 
were calculated. The extraction ratio is the fraction of 
the metabolite presented to the tissue that is taken up by 
the tissue. Significant changes in extraction ratios 
between treatments are indicative that changes in net flux 
with treatment are due at least in part by some 
physiological mechanism and not solely to changes in 
metabolite concentration or blood flow . 
STATISTICAL ANALYSES 
Data were analyzed using the GLM procedure of SAS 
(1 9 8 5 ) . The independent variables included animal, 
treatment and the animal x treatment interaction as sources 
of variation .  Venoarterial concentration and net flux rate 
differences were determined to be different from zero by t­
test. Differences between treatment means were determined 
by orthogonal contrasts in which the main effects of animal 
and treatment were tested using the animal X treatment 
interaction as a source of error. 
CHAPTER IV 
RESULTS 
Feed intake { 1. 6  kg/d as fed) was similar among 
treatments and rectal temperatures tended to increase in 
ewes fed E+ hay but then returned to normal {data not 
shown). Portal blood flow was 2. 0 1/min and 80% that of 
hepatic flow. Rump blood flow was 1. 3 1/min. Blood flow 
rates were similar between treatments {Table 3). 
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Glucose concentrations in arterial blood { Table 4) were 
similar between treatments despite a small, but significant 
{ P  < . 10), decrease in PDV glucose release. This was due to 
a slight increase in HEP glucose production resulting in 
similar TSP fluxes between hays. Glucose fluxes across the 
RUMP were small and not different from zero. 
There was a 24% decrease in PDV release of both ACAC 
and BOHB when E+ hay was fed {Table 4). Because HEP fluxes 
of both ketone bodies were similar between E- and E+ hays, 
TSP ketone body release decreased. RUMP release of both 
ketone bodies was also similar between hays. Because 
splanchnic ketogenesis decreased and peripheral utilization 
remained the same, there was a 14 and 3 1% decrease in 
arterial concentrations of ACAC and BOHB when E+  hay was 
fed. 
Flux rates of FFA across the PDV, HEP, and TSP were 
similar between E- and E+ hays. There was a decrease in 
RUMP release { P  < . 05) of FFA when E+ hay was fed but the 
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TABLE 3. WHOLE BLOOD FLOW RATES (1/min) OF SHEEP 
FED FUNGUS-FREE AND FUNGUS-INFESTED FESCUE HAY. 
Portal Hepatic Caudal Portal/ 
Treatment vein vein vena cava Hepatic 
Fungus-
free 2. 00 2. 50 1. 3 2  . 80 
Fungus-
infested 2. 03 2. 48 1. 38 . 81 
Pooled SE . 10 . 10 . 09 . 02 
TABLE 4 .  EFFECTS OF FUNGUS-FREE AND FUNGUS-INFESTED HAY 
ON ARTERIAL CONCENTRATIONS AND NET FLUXES OF 
GLUCOSE, KETONES AND FREE FATTY ACIDS 1 . 
Arterial 
concentration, 
Glucose (mg/dl) 
AcAc (u.M) 
BOHB (u.M) 
FFA (u.M) 
Portal-drained 
Viscera, 
Glucose (mmol/h) 
AcAc (umol/min) 
BOHB (umol/min) 
FFA (umol/min) 
Liver, 
Glucose (mmol/h) 
AcAc (umol/min) 
BOHB (umol/min) 
FFA (umol/min) 
Total Splanchnic, 
Glucose (mmol/h) 
AcAc (umol/min) 
BOHB (umol/min) 
FFA (umol/min) 
Hindquarter 2, 
Glucose (mmol/h) 
AcAc (umol/min) 
BOHB (umol/min) 
FFA (umol/min) 
Hindquarte� 
extraction , % 
AcAc 
BOHB 
Fungus­
free 
43 . 8  
34 . 9c 
692 . 0e 
155 . 0  
4 . 8a 
4 2 . 4e 
282 . 0e 
11 . 7 
19 . 9  
-34 . 1 
241 . 0 
-18 . 5  
24 . 7  
8 . 3e 
523 .0e 
-6 . 8  
-1 . 3  
-8 . 9  
-96 . 0  
11 . 0c 
17 . 0  
9 . 0a 
1 Values are means, n = 60 . 
Fungus­
infested 
43 . 0
d 30 . 0
f 477 . 0  
150 . 0  
b o . 8
f 32 . 6  
211 . of 
14 .7  
22 . 1  
-31 .  3 
196 . 0  
- 21 . 2  
2 2 . 9
f 1 . 3  
401 . of 
-6 . 5  
-2 . 9  
- 8 . 4  
-90 . 0
d 3 . 0 
22 . 4
b 13 . 0  
Pooled 
SE 
. 59 
1 .71 
20 . 61 
7 . 16 
1 . 50 
2 . 24 
16 . 50 
1 .72 
1 .  84 
2 . 63  
20 . 81 
2 . 55 
2 . 14 
1 .  52  
29 . 24 
2 . 34 
1 . 41 
1 . 20 
11 . 60 
2 . 28 
3 . 0 
1 . 6 
2 Values are means, n = 30 for fungus free; n = 4 2 for 
fungus infested . 
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TABLE 4 (continued) 
a, b Means within a row with di f ferent superscripts are 
dif ferent, (P < . 10) • 
c, d Means within a row with di f ferent superscripts are 
dif ferent, (P < . 05) . 
e, f Means within a row with di f ferent superscripts are 
di f ferent, (P < . 0 1). 
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change was small (8 umol/min) and apparently had no effect 
on FFA arterial concentrations. 
Insulin concentration increased 40% when E+  hay was fed 
due to a two-fold increase in PDV and TSP release (Table 5) . 
Hepatic extraction ratios of insulin were similar between E­
and E+ hays . Insulin flux rates across the RUMP were small 
and not significantly different from zero and are not shown . 
Although there was a small but significant (P < .05) 
increase in PDV glucagon release when E+  hay was fed (Table 
5) , small increases in both HEP glucagon uptake and 
extraction ratio resulted in no significant change in TSP 
glucagon release . Consequently, arterial glucagon 
concentrations were similar between E- and E+  hays . 
Glucagon flux rates across RUMP were small and not 
significant from zero and are not shown . Insulin/glucagon 
ratio increased 50% when E+ hay was fed but this was totally 
due to an increased insulin concentration and glucagon 
played a passive and secondary role . 
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TABLE 5. EFFECTS OF FUNGUS-FREE AND FUNGUS-INFESTED FESCUE 
HAY ON ARTERIAL CONCENTRATIONS AND NET FLUXES 
OF INSULIN AND GLUCAGON 1 
Arterial 
con centration, 
Insulin (uU/ml) 
Glucagon (pg/ml) 
Portal-drained 
Visceral, 
Insulin (mU/min) 
Glucagon (ug/h) 
Liver, 
Insulin (mU/min) 
Glucagon (ug/h) 
Liver 
extraction, % 
Insulin 
Glucagon 
Total Splanchnic, 
Insu lin (mU/min) 
Glucagon (ug/h) 
Insulin/Glucagon 
Ratio 
Fungus­
free 
18.lc 
186.0 
-4.4 
-1.0 
7.6 
3.7 
5.6c 
2.9 
1 Values are means, n = 60. 
Fungus­
infested 
25.5d 
179.0 
d 20.5
b 5.5 
-6.5 
- 1.6 
6.6 
5.6 
1 3.9d 
3.9 
Pooled 
SE 
1.60 
8.22 
2.99 
.52 
1.82 
.41 
1.70 
1.40 
2. 13 
. 57 
. 2 2 
a, b Means within a row with different superscripts are 
different, (P < .05). 
c, d Means within a row with different superscripts are 
different, (P < .01). 
57 
CHAPTER V 
DISCUSSION 
With the exception of the presence of certain 
alkaloids, fungus-free and fungus-infested fescue hays are 
chemically similar. Yet herd health and performance on 
fungus-infested pasture, hay, or seeds is poor (Jacobsen et 
al., 1970; Hemken et al. , 1974, 1984; Jackson et al. , 1984a; 
Steen et al. , 1979). A total of 20 experiments ( 10 on E­
and 10 on E+ fescue hay) were conducted on five ewes to 
determine the effect of Acrernoniurn coenophialurn (Morgan­
Jones and Garns) on energy metabolites and their regulatory 
hormones in an attempt to elucidate the etiology of fescue 
toxicosis. Feed intake (1. 6  kg/d) and weight gain (-. 6 kg) 
were similar between sheep fed E- or E+ hays. Rectal 
temperatures did increase initially when E+ hay was fed but 
returned to normal within 14 d. The return to normal of 
rectal temperatures may have been because the study was 
conducted in the fall with ambient temperatures of 15-2 1° C. 
Hemken et al. ( 1981) reported that feed intake was depressed 
and rectal temperature was elevated in calves fed E+  hay at 
34- 35° C but not at 21-23° c .  
GLUCOSE 
Blood glucose was 43  rng/dl and similar whether E- or E+ 
hay was fed. However, this va lue is 20% lower than that 
reported for sheep fed alfalfa �ellets and similar to sheep 
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fasted for 3 d (Heitmann et al., 1986). This low blood 
glucose may have been due to a HEP glucose release which was 
only 50% that of sheep fed alfalfa pellets (Heitmann et al., 
1986). In vitro perloline concentrations above 10-4 M 
decreased total VFA production and specifically lowered 
propionate from 28 to 20 molar percent (Bush et al., 1972). 
However, no change in either rumen concentration or PDV 
release and subsequent HEP uptake of propionate was reported 
in dairy steers by Harmon et al. (1991). The significantly 
greater than zero PDV flux of glucose observed on E- hay is 
unusual. Ruminants fed high forage diets usually do not 
absorb appreciable amounts of glucose across PDV tissue. 
However, this unusual occurrence has been reported in dairy 
cows fed varying levels of forage and cracked corn (Weighart 
et al., 1986). There was a decrease in PDV glucose release 
from 4.8 to .8 rnmol/h when E+ hay was fed and this 
represented a possible loss of 64.6 kcal/d. However, we 
hesitate to suggest this as an important loss of digestible 
energy since the PDV glucose release observed on E+ hay was 
more representative of a normal, fed ruminant than was PDV 
flux observed on E- hay. 
KETONES 
PDV flux of ACAC and BOHB in ewes fed E- hay were 
similar to values previously reported for ewes fed alfalfa 
pellets (Heitmann et al., 1986, 1987). The decreased 
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arterial concentrations and TSP flux of ACAC and BOHB in 
ewes fed E+  hay was the result of decreased PDV flux because 
no changes in HEP flux of ACAC and BOHB were observed. The 
decreased PDV flux of ACAC and BOHB could have resulted from 
either decreased de novo production, primarily from ruminal 
butyrate by rumen epithelium (Seto et al, 1955; Stevens, 
1970) , and/or increased unidirectional utilization of ketone 
bodies as an energy source by PDV tissue. Net flux is a 
function of unidirectional and irreversible utilization and 
de novo production (Heitmann , 1989). Although total VFA 
decreased when perloline was incubated with rumen bacteria, 
the molar percent of butyrate increased (Bush et al., 1972) 
suggesting that alimentary ketogenesis would increase. 
Harmon et al. ( 1991) also observed increased ruminal molar 
percent of butyrate in steers fed E+ hay but did not observe 
a concommitant increase in PDV flux of butyrate or BOHB. 
Harmon et al. ( 1991) also observed a decrease in PDV flux of 
acetate in ewes fed E+ hay and suggested that this was the 
result of increased acetate utilization by gut tissue. The 
decreased PDV release of ACAC and BOHB along with increased 
hindquarter extraction ratios of BOHB (P < . 10) and perhaps 
ACAC (P = .21) in our study is suggestive of increased 
unidirectional utilization of ketone bodies by PDV and 
peripheral tissues. Perhaps more importantly, the decrease 
in alimentary ketogenesis observed on E+ hay would decrease 
digestible energy release by the PDV by 56.3 kcal/d. 
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However, this is  less than 2% of the estimated DE fed ( 2.73 
Meal/kg X 1.6 kg/d) (Church, 1977). 
FATTY ACIDS AND HORMONES 
Arterial concentrations and PDV, HEP and TSP flux of 
FFA were similar between E- and E+  hays and comparable to 
those reported for non pregnant, non lactating fed sheep 
(Katz and Bergman, 1969b; Heitmann and Fernandez, 1986). 
RUMP release of FFA decreased when E+ hay was fed and this 
was consistant with an increase in POV insulin release and 
subsequent increased arterial insulin concentration and 
insulin to glucagon ratio. However, pancreatic insulin 
release is  stimulated by ketone bodies and FFA, whereas 
pancreatic glucagon release is inhibited by ketone bodies 
and FFA (Madison et al., 1964; Edwards and Taylor, 1970; 
Hawkins et al., 1971). Therefore, decreased arterial 
concentrations and POV flux of ketones should have resulted 
in a decreased rather than an increased POV insulin release 
and insulin to glucagon ratio. 
IMPLICATIONS 
Minor alterations in energy metabolism and hormonal 
regulation did occur in non heat stressed ewes fed E+  fescue 
hay. However, these changes could account for only a 
maximum of 121  kcal/d decrease in POV energy release which 
was approximately 3% of the estimated DE fed. It is  
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unlikely that these changes could explain the etiology of 
fescue toxicosis. This supports the report of Harmon 
et al. ( 1991) in dairy steers that not only are E- and E+  
fescue hays chemically similar, but that animals consuming 
them at similar rates of intake have similar rates of energy 
metabolite flux. 
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CHAPTER I 
ABSTRACT 
The effects of fungus-infested fescue (Kentucky 31) hay 
and cimetidine on respiration rates, rectal temperatures and 
hepatic antipyrine uptakes of three mature ewes were 
measured in five experiments. Hepatic antipyrine uptake was 
measured as an indirect indicator of hepatic mixed-function 
oxidase (MFO) activity. Five experiments on each ewe were 
conducted following 10 d feeding of fungus-free ( 1  exp/ewe, 
E-), fungus-infested (2  exp/ewe, E+) or fungus-infested 
fescue hay plus cimetidine (800 mg/d i. v. , 2 exp/ewe, E+C). 
Respiration rates increased (P < . 05) 2. 6X from 26 to 68 
after 11  d on E+ hay and decreased (P < . 0 25) to 27 
breaths/min after 4 d of cimetidine treatment. Rectal 
temperatures increased (P < . 05) 1. 1° c after 8 d on E+  hay. 
Cimetidine lowered temperatures to E- levels by d 4. E+ hay 
increased (P < . 05) hepatic antipyrine uptake 70% after 11  
d, which was lowered to E- levels by cimetidine by d 4. 
Increased respiration rates and rectal temperatures in 
animals consuming E+  hay seem related at least partially to 
increased MFO activity. Cimetidine reversed some of these 
effects. 
(Key Words : Festuca, Acremonium, Antipyrine, Cimetidine, 
Cytochromes, Sheep. ) 
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CHAPTER II 
INTRODUCTION 
Several alkaloids indigenous to tall fescue have been 
implicated in fescue toxicosis (Gentry , 1969; Davis and 
Camp , 1983; Hemken et al. 1984). Although these alkaloids 
have different modes of action and various physiological 
effects on animals they all are biotransformed via the MFO 
system (Swick 1984). 
Although necessary , the MFO has been identified as an 
energy wasteful system because oxidation of both substrate 
and cofactor occur without the production of a high energy 
compound such as ATP (Pirola and Lieber , 1975). 
Consequently , the entire energy change of the reaction must 
be dissipated as heat. It has been demonstrated that 
induction of hepatic microsomal enzymes (i.e. MFO) can alter 
significantly the metabolic efficiency of the body because 
oxygen consumption and body wt gains have been observed to 
be negatively correlated in rats given known inducers of 
microsomal enzymes ( Pirola and Lieber , 1975). Dorsey and 
Smith (198 1) suggested that the reverse situation , i.e. , 
reduced MFO activity , could result in conservation of 
metabolic energy. 
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The hypothesis of this study is that alkaloids found in 
fescue infested with the endophytic fungus Acremonium 
coenophialum (Morgan-Jomes and Gams) stimulate MFO activity 
and consequently raise body temperature and respiration 
rates. 
As a corollary, the reduced efficiency of energy 
utilization might explain decreased body wt gains observed 
in animals consuming fungus-infested fescue. 
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CHAPTER III 
MATERIALS AND METHODS 
Three mature, ovariectomized, Suffolk crossbred ewes 
weighing 7 3.6 + 4.4 kg were utilized in the study. The 
study consisted of three experimental treatments; a fungus­
free fescue hay (E-), a fungus-infested fescue hay (E+) and 
a fungus-infested fescue hay plus i.v. (800 mg/d) 
cimetidine. E- hay was fed to obtain baseline measurements 
of rectal temperatures, respiration rates, and estimates of 
hepatic MFO activity as measured by hepatic antipyrine 
uptake. Measurements were taken after 16 d of E- hay 
feeding. 
Immediately following E- measurements ewes were 
switched to E+  hay and measurements were made after 8 and 11  
d. The final treatment consisted of feeding E+  hay and 
injecting 400 mg cimetidine directly into the portal vein 
twice daily at 0800 and 1600 h. Cimetidine, a histamine H2-
receptor antagonist (Brimblecombe et al., 1975), inhibits 
MFO in humans (Hoensch et al., 1985) and sheep ( Zanzalari et 
al., 1987). Measurements were made on d 4 and 8 of the 
injection period. Cimetidine dosage per kg body wt was 
extrapolated from the recommended daily i.v. dosage for 
humans (Physicians' Desk Reference, 1986). 
7 1  
ANIMAL CARE 
Ewes were housed in individual pens ( 1.8 X 3.0 m) at 8 
to 19° C with natural lighting. Ewes were fed 1500 g hay 
per day in two 750 g portions at 0800 and 01600 h. Drinking 
water and trace mineralized salt were available ad libitum. 
EXPERIMENTAL HAYS 
Hays were grown and harvested on adjacent similar plots 
under identical conditions in order to minimize variation 
other than fungus infestation. Hays were second cutting 
Kentucky 31  fescue harvested on July 28, 1987. Proximate 
analyses and fiber content of the hays were determined 
according to AOAC procedures (1984) and were essentially 
identical (Table 1). Level of fungus infestation was 
determined by the enzyme linked immunoabsorbent assay ( 
ELISA) (Reddick and Collins, 1988). E- hay was less than 1% 
infested whereas the E+ hay was 55% infested. 
SURGICAL TECHNIQUE 
Permanent indwelling catheter� were positioned into the 
mesenteric, portal, hepatic and femoral veins and femoral 
artery as described by Zanzalari et al. ( 1989) according to 
a modified technique developed by Katz and Bergman ( 1969). 
Surgeries were performed at least 10 d prior to 
experiments. Ewes were determined to be fully recovered 
TABLE 1 .  PROXIMATE ANALYSES AND FIBER CONTENT OF 
FUNGUS-FREE AND FUNGUS-INFESED FESCUE HAYa, % 
Fungus- Fungus-
Item free infested 
Dry matter 91. 4 91. 4 
Crude protein (N X 6 . 25 }  16 . 1  17 . 6  
Ether extra,ct 2 . 3 2. 7 
N-free extract 46. 0 44 . 5  
Ash 6. 0 8. 4 
Acid detergent fiber 32. 9 3 0. 3 
Cellulose 30. 1 28. 0 
a All except dry matter on a dry matter basis. 
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from surgery by a normal rectal temperature reading for two 
consecutive days and consumption of 1.5 kg d-l of E- hay. 
EXPERIMENTAL PROCEDURES 
On sampling days a 1.5% solution of para-aminohippurate 
(PAH), a nonmetabolizable dye used to measure blood flows, 
and 0.218% antipyrine (2, 3-dimethyl-l-phenyl-3-pyrozolin-5-
one), a drug extensively metabolized by hepatic MFO (Shivey 
et al., 1979; Vesell, 1979; Wood et al., 1979) were infused 
into the mesenteric vein at 0.764 ml/min. The infusate was 
allowed to equilibrate for 1 h in order for PAH and 
antipyrine to reach near steady state concentrations. Blood 
samples were collected 60, 80, 100, 120, 140 and 160 min 
after initiation of infusion. 
Approximately 7 ml of blood were collected 
simultaneously from the portal and hepatic veins and femoral 
artery at each sampling time. Animals were accustomed to 
personnel and did not have to be restrained during 
experiments. 
CHEMICAL METHODS 
Blood packed cell volume and concentrations of whole 
blood PAH and plasma antipyrine were determined. PAH 
analysis was described in greater detail by Zanzalari et al. 
(1989). Antipyrine was determined according to Brodie et 
al. (1949), whereby, 2 ml of H2o and 2 ml of zinc reagent 
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(100 g ZnSO4 7H2o plus 40 ml 6N H2SO4 diluted to 1 1) were 
added to 2 ml of plasma and mixed. Two ml of .75N NaOH were 
added to the mixture and vigorously mixed for 20 s and 
allowed to stand for 10 min after which the mixture was 
centrifuged at 1500 X g for 15 min. A 1.5 ml aliquot of 
clear supernatant was transferred to a cuvette and .025 ml 
of 4N H2SO4 were added and mixed. The initial optical 
density was measured at 350 nm. After the initial reading, 
.05 ml of NaNO2 (.02%, w/v) were added, mixed and allowed to 
stand for 20 min. The optical density was read at 350 nm a 
second time, the difference between initial and subsequent 
values were calculated and antipyrine concentrations were 
determined by referring these values back to an antipyrine 
standard curve. 
CALCULATIONS 
Whole blood flow rates for liver were calculated by 
dividing the infusion rate of PAH by the venoarterial 
concentration difference across the liver using the 
indicator-dilution method : 
F = 
cvPAH - cA
PAH 
where F equals whole blood flow through the organ in 1/min, 
rPAH is the infusion rate of PAH in optical density (OD) 
units per min, and cA
PAH and cvPAH are the PAH OD units 
per liter in the appropriate input and output vessels. 
Portal and hepatic vein flows were measured directly and 
hepatic arteria l f low was calculated from the difference 
between the two. Plasma flows were ca lcu lated by 
subtracting that portion of the flow represented by the 
packed cel l  volume. 
Net f luxes of antipyrine were calcu lated using the 
following equation: 
Hepatic flux = PF (Ch - Cp) + AF (Ch - Ca) 
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where PF and AF are the plasma flow rates ( 1/min) in the 
porta l vein and hepatic artery ; and Cp, Ca, and Ch are the 
concentrations (mg/ 1) of antipyrine in porta l, arterial and 
hepatic vein plasma, respective ly. A negative va lue denotes 
antipyrine uptake, whereas a positive va lue denotes 
antipyrine release by the liver. 
STATISTICAL ANALYSES 
Ana lyses of data were performed using the GLM procedure 
of SAS ( 1985). The statistical model inc luded anima l, 
treatment and the anima l x treatment interaction as sources 
of variation. Venoarterial concentration and net f lux rate 
differences were determined by t-tests. Treatment mean 
differences for dependent variables were determined using 
orthogonal contrasts in which the main effects of anima l and 
treatment were tested using the animal X treatment 
interaction as the source of error. Autocorrelation 
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analysis of data were performed for the six samples for 
within animal and experiment and no significant differences 
were detected, therefore, analysis of variance was performed 
for each individual animal. 
77 
CHAPTER IV 
RESULTS 
RECTAL TEMPERATURES AND RESPIRATION RATES 
Respiration rates increased (P < . 0 25) from 26 + 1 
breaths/min for sheep fed E- hay to 45 + 5 and 65 + 17 on d 
8 and 1 1  for those fed E+ hay, respectively (Table 2). 
Cimetidine decreased rates (P < . 0 25) to E- values after 4 
d. However, rates rose (P < .025) after 8 d when compared 
to E- values, yet were lower (P < . 10) than during feeding 
of E+  hay. Rectal temperatures increased (P < . 0 25) from 
38. 5 + 0. 1° C for sheep fed E- hay to 39. 4 + 0. 2° C on both 
d 8 and 1 1  of E+ hay feeding. Cimetidine decreased (P < 
. 10) temperatures to 39. 0 + 0. 1° C after 4 d. 
PLASMA FLOWS 
Portal and hepatic plasma flow rates behaved in a 
similar manner (Table 3). By d 11  for ewes fed E+ hay 
portal and hepatic flow rates increased (P < . 05). After 8 
d on cimetidine, plasma flow rates returned to E- values. 
VENOERTERIAL DIFFERENCES 
Differences in antipyrine concentrations between 
hepatic vein and caudal aorta (H-A) were very small (Table 
4. )  and not significantly different from zero (P > . 10), 
indicating no contribution to net flux. However, hepatic 
vein and portal vein (H-P) differences were large and 
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TABLE 2. RESPIRATION RATES AND RECTAL TEMPERATURES OF SHEEP 
FED FUNGUS-FREE, FUNGUS-INFESTED AND FUNGUS­
INFESTED FESCUE HAY PLUS r . v .  CIMETIDINEa 
Respiration rate, Temperature, 
Tre atment breaths/min 
Fungus-free 2Gb 3a.sb 
Fungus-infested, 
4 5C , d 39 _ 4c, d 8 d 
Fungus-infest ed, 
Gac, d 39 _ 4c, d 11  d 
Infest ed + cimetidine, 
d 27b 39.oc, e 
Infest ed + cimetidine, 
38.9b 8 d 34C, e 
Pooled SE 5 . 1 
a Values are means; n = 3. 
b, c Means within a column with different superscripts are 
different, (P < .025). 
d, e Means within a column with different sup erscripts are 
different, (P < .10). 
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TABLE 3. EFFECT OF FUNGUS-FREE , FUNGUS-INFESTED AND 
FUNGUS-INFESTED FESCUE HAY PLUS r . v .  CIMETIDINE 
ON PALSMA FLOW RATES (1 /min) OF SHEEPa. 
Porta l Hepatic Hepatic 
Treatment vein vein artery 
Fungus-free 2. o ob 2. 40b . 40 
Fungus- infested, 
2. 12b 2. 69b , c 8 d . 57 
Fungus-infested, 
2. 3 6c 2. 9 2c 1 1  d . 5 6  
Infested + c imetidine , 
d 2. 18b , c 2. 75b , c . 57 
Infested + c imetidine , 
2. 58b 8 d 2. 10b . 47 
Pooled SE . 09 . 11 . 08 
a Va lues are means ; n = 18. 
b , c Means within a column with different superscripts are 
different, ( P  < . 05) . 
7 9  
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TABLE 4. ANTIPYRINE VENOARTERIAL DIFFERENCES (mg/ 1) ACROSS 
THE LIVER OF SHEEP FED FUNGUS-FREE, FUNGUS-INFESTED AND 
FUNGUS-INFESTED FESCUE HAY PLUS I.V. CIMETIDINE a 
Hepatic vein- Portal vein-
Treatment caudal aorta portal vein 
Fungus-free -.015 -.121d, f 
Fungus-infested, 
-.16a e, b 8 d -.007 
Fungus-infest ed, 
1 1  d -.031 -.183e, g  
Infest ed + cimetidine, 
4 d -.023 -.148d, e 
Infest ed + cimetidine, 
8 d -.0 15 -.126c, d 
Pooled SE .029 .017 
a V alu es are means; n = 18. 
b, c Means within a column with different superscripts are 
different, (P < .08). 
d, e Means within a column with different superscripts are 
different, (P < • 06) . 
f, g Means within a column with different superscripts are 
different, (P < .02). 
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different from zero { P  < .01). After 8 d of E+ hay feeding 
{H-P) differences increased { P  < . 06) from -0. 121  to -0. 168 
mg/ 1. Greatest {H-P) differences were observed on d 1 1  {-
0. 183 mg/ 1). Cimetidine treatment for 8 d lowered { P< . 05) 
{H-P) differences to E- values. 
HEPATIC ANTIPYRINE UPTAKE 
Mean hepatic antipyrine uptake {clearance of antipyrine 
by liver) increased { P  < . 05) from 15. 6 for sheep on E- hay 
to 2 1. 7  and 26. 9 mg/h following 8 and 11  d feeding of E+ 
hay, respectively {Table 5). Following 4 d treatment with 
cimetidine hepatic uptake was lower { P  < . 10) than that for 
1 1  d feeding of E+  hay; however, hepatic uptake was higher 
{ P  < . 05) than the E- value. Hepatic uptake was lower { P  < 
. 05) after 8 d treatment with cimetidine, than for both 8 
and 11  d consumption of E+ hay and was not different { P  > 
. 10) than E- value. However, there were animal and time 
effects. Hepatic uptake for ewe 49 did not increase after 
consumption of E+  hay for 8 d, but by d 1 1  hepatic uptake 
increased 1. 7 X above E- value. Following 4 d treatment 
with cimetidine, hepatic uptake for ewe 49 remained elevated 
{ P< . 05). However, by d 8 hepatic uptake returned to E­
value. Ewe 60 had an immediate rise in hepatic uptake and 
also responded to cimetidine treatment by d 4. Similar to 
ewe 49, ewe 82  did not have a significantly elevated hepatic 
82 
TABLE 5. EFFECT OF FUNGUS-FREE , FUNGUS-INFESTED AND FUNGUS­
INFESTED FESCUE HAY PLUS I. V. CIMETIDINE ON HEPATIC 
ANTIPYRINE UPTAKE (mg/h) OF SHEEPa 
Ewe # 
Treatment 
Fungus- free 
Fungus-inf est ed, 
8 d 
Fungus-in fest ed, 
1 1  d 
In fest ed +  
cimetidine, 4 d 
In f ested + 
cimetidine, 8 d 
49 
32 . o f 
a Values are means; n = 6. 
b V alues are means; n = 18. 
60 8 2  
12. 9c 
26. 9c, f 
Pooled 
SE 
2 . 7  
2 . 3  
2. 6 
20. 8d, e, f 2. 6 
2. 0 
c, d Means within a column with dif f erent superscripts are 
different, (P < . 10). 
e, f Means within a column with different superscripts are 
di f f erent, (P < .05). 
8 3  
uptake unti l d 1 1  and unl ike 4 9  but s imilar to ewe 60 , ewe 
8 2  did respond to cimetidine treatment by d 4.  
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CHAPTER V 
DISCUSSION 
The cytochrome P-450 dependent MFO system is essential 
in detoxication processes. It is also a very energy 
wasteful system, i. e. , by oxidizing a carbon atom from the 
oxidation state of an alcohol to the oxidation state of a 
carboxyl group using MFO instead of alcohol dehydrogenase 
would result in a net loss of 12 ATP (Smith, 198 1). 
Inhibition, or at least partial inhibition of the MFO, might 
result in an increased efficiency of energy utilization. 
Ruminant MFO may have evolved by exposure of herbivores 
to so-called secondary substances of plants, i. e. , phenols, 
quinones, terpenoids and alkaloids (Erhlich and Raven, 1965 ; 
Brattsten et al. , 1977). Many alkaloids have been isolated 
from tall fescue infested with the endophytic fungus 
Acremonium coenophialum (Morgan-Jones and Gams). 
Halostachine, which is similar in structure to the 
catecholamines, possesses vasopressor and peripheral 
vasoconstrictor activity and has been shown to lower 
weighted average coronary band temperatures when ambient 
temperatures fall below 13° C (Yates et al. , 1979 ; Davis and 
Camp, 1983). Halostachine concentrations in plants increase 
with cold weather and just prior to the occurance of fescue 
foot (Davis, 1983). 
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The B-carbolines, harmane and norharmane, are potent 
reversible inhibitors of monoamine oxidase (Buckholtz and 
Boggan, 1977). Monoamine oxidase is responsible for the 
metabolism of catecholamines, and a reduction in its 
activity may therefore prolong the activity of halostachine. 
In addition, reduced monoamine oxidase activity would result 
in elevated levels of dopamine, which may be responsible for 
the observed decrease in prolactin because dopamine 
concentrations have been shown to be inversely related to 
prolactin levels (Gonzalez-Villapando et al., 1980). 
Perloline alkaloids have been shown to inhibit 
ce llulolytic rumen bacteria (Bush et al., 1972), cellulose 
digestion (Bush et al. , 1970) and VFA production in vitro 
(Bush et al. , 1976) and cellulose and protein digestion in 
lambs (Boling et al. , 1975). 
Pyrrolizidine alkaloids (PA), N-acetyl and N-formyl 
loline, have been positively correlated to fungus 
infestation (Bush et al. , 1982; Stuedemann et al. , 1985). 
Although not toxic in their parent forms, PA can become 
toxic through MFO bioactivation (Mattocks, 1968). 
Finally, ergopeptine alkaloids have also been isolated 
from infested tall fescue (Lyons et al., 1986; Yates and 
Powell, 1988) of which ergovaline accounts for up to 50 
percent of the total ergot alkaloid concentration (Lyons et 
al., 1986). Ergot alkaloids also possess vasoconstrictor 
activity (Berde and Schild, 1978) and similar to 
8 6  
halostachine may contribute to fescue foot. High ergovaline 
concentration in Kentucky 3 1  fescue has been associated with 
decreased weight gains ( Belesky et al. , 1 98 8) .  Ergotoxine 
components (ergocristine, ergokryptine, ergocornine) are 
potent inhibitors of prolactin secretion and ovulation 
(Fluckiger and Doepfner, 1 97 6 ) .  Hyperthermia and serotonin 
antagonism have also been associated with ergot alkaloids 
(Berde and Schild, 1 97 8) .  
RECTAL TEMPERATURES AND RESPIRATION RATES 
Consumption of E+ hay increased rectal temperatures and 
respiration rates. Hemken et al. (1 97 9) observed a . 6 ° C 
temperature rise in lactating dairy cows fed Gl-307 variety 
of tall fescue hay, whereas Jackson et al. (1 9 84) observed a 
1 . 4 ° c temperature rise in dairy steers fed infested 
Kentucky 3 1  seed. Hemken et al. (1 97 9) also detected a 
significant rise in respiration rates (+20. 5 breaths/min) 
and Steen et al. (1 97 9) recorded significantly higher rates 
(+1 6 breaths/min) in crossbred steers grazing Gl-307 . In 
our study rectal temperatures and respiration rates rose . 9 ° 
C and 3 9  breaths/min, respectively, following consumption of 
E+ hay. The increased temperatures observed could have been 
caused by the increased heat production known to occur 
following stimulation of hepatic MFO. Conversely, treatment 
with cimetidine decreased rectal temperatures and 
respiration rates. 
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PLASMA FLOWS 
Consumption of E+ hay increased portal and hepatic 
plasma flow rates whereas treatment with cimetidine reversed 
these effects. Sensenig et al. ( 1987) reported no 
significant increases in flow rates in mature ewes fed 
Kentucky 3 1  hay infested with A. coenophialum. However, 
this work was conducted in August. Davis and Camp ( 1983) 
have reported that vasoconstrictor effects of halostachine 
were observed only when ambient temperature was below 13° C. 
This current study was conducted in January and ambient 
temperature was 8 to 19° C. It is doubtful that the effects 
of halostachine or ergot alkaloids could contribute directly 
to the observed increases in flow rates since halostachine 
and ergot alkaloids are believed to mediate their response 
through the a-receptor system and cause peripheral 
vasoconstriction with very little cardiac effects (Davis and 
Camp, 1983; Lyons et al., 1986). However, if peripheral 
blood flow decreases and blood pressure and cardiac output 
remain the same, concomitant increases in blood flow should 
occur elsewhere. Another possible explanation is that the 
increases in flow rates were a result of homeostatic 
mechanisms responsible for the regulation of body 
temperature. Higher MFO activity would generate greater 
heat increment and therefore result in higher flow rates in 
order to dissipate the generated heat. Lowering the 
activity of the MFO could therefore 
account for the lowered flow rates following cimetidine 
treatment. 
VENOARTERIAL DIFFERENCES 
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Venoarterial differences between hepatic vein and 
caudal aorta were small and nonsignificant. These data 
indicate that any antipyrine which escapes hepatic 
metabolism is not recycled and does not contribute to influx 
of antipyrine from hepatic artery. This agrees with 
previous work in which hepatic antipyrine metabolism 
following a single i.v. dose accounted for only 22% of total 
antipyrine clearance and the remaining 78% being 
irreversibly lost to body fluids and not entering into 
hepatic metabolism (Zanzalari et al. 1987). Therefore it is 
essential, in ruminant studies, that antipyrine be infused 
directly caudal of the liver to ensure that it reaches its 
target tissue. The increased blood flow rates themselves 
would result in increased hepatic removal under first order 
kinetics, i.e., the greater the amount of antipyrine brought 
to the liver the more removed. However, significant 
increases in H-P differences were observed indicating that 
the difference between that leaving the liver and that 
entering the liver increased independently of plasma flow. 
This demonstrates that the observed increase in hepatic 
antipyrine uptake is not solely due to the increased blood 
flows alone but probably as a result of both factors . 
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HEPATIC ANTIPYRINE UPTAKE 
Hepatic antipyrine uptake (mg/h) is the mathmatical sum 
of the products of VA differences (mg/ 1) and plasma flows 
( 1/h). The significant increases in mean hepatic uptake of 
antipyrine indicate stimulation of MFO following consumption 
of E+ hay. Many factors including diet composition and 
various drugs have been shown to alter MFO activity and 
these factors have different time course effects (Bidlack et 
al. 1986; Casarett and Doull, 1986). Since many MFO 
substrates are also inducers it is our hypothesis that the 
compounds produced by A. coenophialum stimulate MFO activity 
resulting in a decrease efficiency of energy utilization 
and, therefore, poor animal performance. Conversely, 
cimetidine reverses these effects by competing for both 
reducing equivalents nescessary to drive MFO reactions and 
competitively binding to the active site of cytochrome P-450 
(Brimblecombe et al. 1975; Hoensch et al. 1985). However, 
efficacy of cimetidine would be dependent on its turnover 
time. In humans (Spence et al., 1976), a single, 300 mg 
oral dose of cimetidine was cleared from the blood within 6 
h. Similar work has not been done in ruminants. Rate of 
clearance would determine lenght of efficacy. All 
experiments in this study were conducted within 6 h after 
i.v. dosage. Therefore, lowering MFO activity with 
cimetidine treatment would increase efficiency of energy 
utilization. 
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Lowering MFO activity could have adverse consequences. 
Because it is the primary detoxication system in the body, 
lowering its activity could decrease the animals natural 
defense mechanism against toxic substances such as the 
alkaloids produced by A. coenophialum. However, the MFO is 
also a potent bioactivation pathway of many compounds such 
as pyrrolizidine alkaloids and aflatoxins (Swick, 1 984) .  
Thus it is essential that further experiments be 
conducted to evaluate the long term effects of cimetidine on 
animal health and performance. 
IMPLICATIONS 
Ewes fed Kentucky 31 hay infested with A. coenophialum 
had elevated mixed-function oxidase activity which was 
decreased by i. v. cimetidine. Although not studied here, it 
is suggested that the consumption of fungus-infested fescue 
may decrease weight gains through stimulation of the energy 
wasteful mixed-function oxidase system. Therefore, 
decreasing mixed-function oxidase activity with cimetidine 
treatment may improve animal performance during consumption 
of fungus-infested tall fescue. 
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PART IV. EFFECTS OF ACREMONIUM COENOPHIALUM AND ORAL 
CIMETIDINE ON RECTAL TEMPERATURES, PLASMA PROLACTIN 
AND HEPATIC MIXED-FUNCTION OXIDASE ACTIVITY 
OF SHEEP 
CHAPTER I 
ABSTRACT 
Plasma prolactin concentrations, rectal temperatures 
and hepatic antipyrine uptakes were measured in five mature 
ewes following three- 10 d feeding periods of fungus-free (E­
), fungus-infested (E+) and fungus-infested fescue hay plus 
oral cimetidine { 1200 mg/d, (E+C), respectively. Hepatic 
antipyrine uptake was measured as an indirect indicator of 
hepatic mixed function oxidase {MFO) activity. Plasma 
prolactin concentrations decreased (P < . 0 1) following 
consumption of E+ from 58. 7 to 13. 6  ng/ml. cimetidine 
increased (P < . 0 1) prolactin concentrations to 23. 0  ng/ml. 
Rectal temperatures increased (P < . 0 1) from 39. 0 to 39. 3° C 
following consumption of E+ hay. cimetidine did not lower 
rectal temperatures. Hepatic antipyrine uptake did not 
increase following 10 d consumption of E+. Cimetidine 
lowered (P < . 0 1) hepatic antipyrine uptake 5 1% from 22. 7 to 
10. 8 mg/h. Increases in rectal temperatures were not 
coincident with increases in hepatic antipyrine uptakes. E­
measurements of hepatic antipyrine uptake may have been 
affected by exposure of sheep to cedar shaving bedding. 
Oral cimetidine was efficacious in increasing prolactin 
concentrations and decreasing hepatic MFO activity in sheep 
fed E+  fescue hay. 
(Key Words: Fescue, Acremonium, Antipyrine, Cimetidine, 
Cytochromes, Sheep. ) 
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CHAPTER II 
INTRODUCTION 
Consumption of tall fescue (Festuca arundinaceae, 
Schreb.) infested with the endophytic fungus Acremonium 
coenophialum (Morgan-Jones and Garns) stimulated the hepatic 
mixed-function oxidase (MFO) system in sheep ( Zanzalari et 
al., 1989). The hepatic MFO is the primary detoxication 
system in the body (Bidlack et al., 1986) but is also an 
energy wasteful system (Pirola and Lieber, 1975; Dorsey and 
Smith, 198 1; Smith, 1981). Stimulation of hepatic MFO 
through consumption of fungus-infested (E+) fescue may 
reduce efficiency of energy utilization which may explain 
partially the decreased weight gains observed in animals 
consuming E+  fescue. Increased MFO activity may explain 
also the elevated respiration rates (Hemken et al., 1979, 
Steen et al., 1979) and rectal temperatures (Hemken et al., 
1979, Jackson et al., 1984) associated with fescue toxicosis 
because the energy change of MFO reactions is not coupled to 
phosphorylation and must be dissipated as heat. Decreased 
serum prolactin concentrations are a consistent affect 
observed in animals experiencing fescue toxicosis (Hurley et 
al., 1981; Strahan et al., 1987; Lipham et al., 1989). In 
the present study, plasma prolactin concentrations were 
measured only as an aid in determining whether ewes were 
experiencing fescue toxicosis. 
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Cimetidine, when given intravenously, inhibited MFO 
activity and reversed the increase in respiration rates and 
rectal temperatures in sheep consuming E+  fescue ( Zanzalari 
et al. , 1989). Intravenous injections are difficult and 
labor intensive. 
Therefore, the objectives of this study were to 
determine the efficacy of orally administered cimetidine in 
increasing plasma prolactin concentrations and decreasing 
rectal temperatures and hepatic MFO activity in sheep fed E+ 
fescue hay. 
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CHAPTER III 
MATERIALS AND METHODS 
Five mature, ovariectomized, crossbred ewes weighing 
72. 6  + 8. 2 kg were utilized in a study consisting of three 
experimental treatments. The treatments included a fungus­
free fescue hay (E-), a fungus-infested fescue hay (E+) and 
a E+  hay plus oral administration of cimetidine ( 1200 mg/d) 
(E+C). The experimental design was as  follows: 
E- -----> E+ -----> E+C 
Each diet was fed for 10 d. On d 10 of each feeding 
period measurements of plasma prolactin concentrations and 
hepatic antipyrine uptakes were made. Measurements of 
rectal temperatures were made daily throughout the study. 
ANIMAL CARE 
Ewes were housed in individual pens at 2 1  to 32° C with 
natural lighting. Ewes were fed 750 g hay and 50 g ground 
shelled corn twice daily at 0800 and 1600 h for each 
experimental diet. Cimetidine (600 mg) was thoroughly mixed 
with 50 g corn prior to each morning and afternoon feeding 
and hay was fed only following complete consumption of corn 
to ensure complete dosing. Cimetidine, a histamine H2 
antagonist, (Brimblecombe et al. , 1975) inhibits MFO in 
humans (Hoensch et al. , 1985) and sheep ( Zanzalari et al. , 
1987, 1989). 1986). Water and trace mineralized salt were 
available ad libitum. 
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EXPERIMENTAL HAYS 
Hays were Kentucky 31  tall fescue grown on the 
University of Tennessee Plant and Soil Science farm on 
adjacent, similar plots under identical conditions and 
harvested on May 2 1, 1988. Proximate analyses of hays were 
determined according to AOAC (1984 } procedures and were 
similar { Table l } .  Level of fungus infestation was 
determined by the enzyme linked immunosorbent assay (ELISA }  
(Reddick and Collins, 1988). E- hay was less than 1% 
infested whereas the E+ hay was greater than 55% infested. 
SURGICAL TECHNIQUE 
Permanent indwelling catheters were positioned into the 
mesenteric, portal, hepatic and femoral veins and femoral 
artery as described by Zanzalari et al. ( 1989 } according to 
a modified technique developed by Katz and Bergman (1969). 
Surgeries were performed at least 10 d prior to 
experiments. Ewes were determined to be fully recovered 
from surgery by a normal rectal temperature reading for two 
consecutive days and consumption of 1.5 kg d-l of E- hay. 
EXPERIMENTAL PROCEDURES 
Methods of infusion and blood collection were 
previously described by Zanzalari et al. { 1989). Briefly, 
on experimental days and beginning at 0900 h, a solution 
containing 1. 5% para-aminohippurate (PAH } ,  a 
nonmetabolizable dye used to measure blood flows and . 218% 
TABLE 1. PROXIMATE ANALYSES OF FUNGUS-FREE  
AND FUNGUS-INFESTED FESCUE HAYa, % 
Fungus- Fungus-
Item free infested 
Dry matter 90 . 4  90 . 0  
Crude protein 8 . 7  8 . 8  
Ether extract 3 . 3  3 . 2  
N-free extract 32 . 4  33 . 1  
Ash 6 . 5  6 . 3 
Acid detergent fiber 35 . 1  35 . 9  
Acid detergent fiber N 9 . 7  9 . 7  
Gross energy (kcal/g) 4 . 4  4 . 4  
a All except dry matter are on a dry matter b asis. 
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antipyrine, a drug extens ively metabol ized by hepat ic MFO 
(Sh ivey et al. , 1979 : Vesell, 1979; Wood et al. , 1979), was 
infused into the mesenteric vein at . 764 ml/m in following a 
rapidly g iven 25 ml dose of the same solution. The infusate 
was allowed to equ il ibrate for 1 h. Blood samples (7 ml) 
were withdrawn simultaneously from the hepatic and portal 
veins and femoral artery at 60, 80, 100, 120, 140 and 160 
min follow ing in itiat ion of infusion. An imals were 
accustomed to personnel and did not have to be restra ined 
during experiments. 
CHEMICAL METHODS 
Analysis of blood was conducted for packed cell volume 
and concentrat ions of whole blood PAH, plasma antipyrine and 
prolactin. Ant ipyrine was determined according to the 
procedure of Brod ie et al. (1949) and PAH accord ing to the 
procedure of Kaufman and Bergman (1971). Prolact in was 
determ ined accord ing to the procedure of Bolt and Rollins 
{ 1983) as mod ified by McKenzie ( 1987). Antipyrine and PAH 
analyses were described in greater detail by Zanzalari et 
al. ( 1989). 
CALCULATIONS 
Whole blood flow rates were determ ined us ing the 
ind icator-dilution method. Liver blood flow was calculated 
by d ividing the infusion rate of PAH by the venoarterial 
concentration difference across the liver. Plasma flows 
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were obtained by subtracting that portion of the flow 
represented by the packed cell volume . Antipyrine net 
fluxes were calculated by multiplying corresponding blood 
flows by venoarterial concentration differences . Negative 
net flux values denote antipyrine uptake , whereas a positive 
value denotes antipyrine release by the liver . Detailed 
description of calculations were previously described 
(Zanzalari et al . ,  1989) . 
STATISTICAL ANALYSES 
Data were analyzed using the GLM procedure of SAS 
( 1985) . The independent variables included animal , 
treatment and the animal X treatment interaction as sources 
of variation . Venoarterial concentration and net flux rate 
differences were determined to be different from zero by t­
test . Teatment mean differences for dependent variables 
were determined using orthogonal contrasts in which the main 
effects of animal and treatment were tested using the animal 
X treatment interaction as the source of error . 
Autocorrelation analysis of data were performed for the 
six samples within animal and experiment and no significant 
differences were detected , therefore , analysis of variance 
was performed for each individual animal . 
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CHAPTER IV 
RESULTS 
PROLACTIN 
Mean plasma prolactin concentrations decreasd (P < . 01) 
from 58.7 ng/ml on E- hay to 13. 6 ng/ml on E+ hay (Table 2). 
Cimetidine increased (P < . 01 )  mean plasma prolactin 
concentrations. Animal differences were observed. Plasma 
prolactin was decreased by E+ hay in all five ewes and was 
increased by cimetidine in four ewes to concentrations 
higher than observed when E+ hay was fed. However, 
prolactin did not return to control values in any animal 
during the period when cimetidine was fed. 
RECTAL TEMPERATURES 
E+ hay increased (P < . 01) mean rectal temperatures 
from 39.0° C on E- hay to 39.3° C on E+ hay (Table 3). 
Cimetidine did not lower mean rectal temperatures. 
Individual animal response to both E+ hay and cimetidine 
varied considerably. Rectal temperature was increased by E+ 
hay feeding in three ewes and was reduced by cimetidine in 
only one ewe. Neither E+ hay nor cimetidine affected rectal 
temperatures in two ewes. 
PLASMA FLOWS 
Portal and hepatic plasma flow rates were not 
significantly affected by E+ hay or cimetidine (Table 4). 
Portal vein flow ranged between 2.56 1/min on E- hay to 2.80 
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TABLE 2. PLASMA PROLACTIN CONCENTRATIONS (ng/ml) OF SHEEP 
FED FUNGUS-FREE, FUNGUS-INFESTED AND FUNGUS-INFESTED 
FESCUE HAY PLUS CIMETIDINE1 
Fungus- Fungus-
free infested 
Ewe # 
3 1 53. 2e 2 6 . 2f 
4 9  5 6 . le 8. 9f 
60 73.3 e 1 5 . o c, f 
73 40.7 e 1 1. 7 f 
7 5  70. 4 e 6 .3f 
Mean2 5 8.7 e 1 3. 6 f 
1 Values are means ; n = 6 .  
2 Values are means ; n = 30. 
Infested + Pooled 
cimetidine SE 
4 1. 6 f 6 . 0  
1 9. 5 g 3 . 2 
33. od, f 6 . 5  
1 5 .  4g 1. 5  
5 . 5 f 2 . 8  
23.0g 2 . 8  
a, b Means within a row with different superscripts are 
different, (P < .1 0) . 
c, d Means within a row with different superscripts are 
different, (P < • 05 ) . 
e, f, g  Means within a row with different superscripts are 
different, (P < .0 1) .  
TABLE 3. EFFECT OF FUNGUS-FREE, FUNGUS-INFESTED 
AND FUNGUS-INFESTED FESCUE HAY PLUS CIMETIDINE 
ON RECTAL TEMPERATURES OF SHEEP1 
Fungus- Fungus-
Ewe # free infested 
3 1  3 9. la, e 3 9 _ 5 b, f 
49 3 9.0e 39. 6f 
60 3 9.0 39. 1 
73 3 9.0 3 9.0 
7 5  3 9. 2c 39 _ 4 d 
Mean2 3 9.0e 3 9 _3 f 
1 Values are means; n = 9. 
2 Values are means; n = 4 5 . 
Infested + 
cimetidine 
3 9.3 a 
3 9 _ 5 f 
3 9. 1 
3 9.0 
3 9 _ 4c, d 
3 9. 2f 
a, b  Means within a row with different superscripts 
different, (P < . 1 0) . 
c, d Means within a row with different superscripts 
different, ( P  < . 0 5 )  . 
Pooled 
SE 
. 05 
. 09 
. 08 
. 04 
. 08 
. 04 
are 
are 
e, f Means within a row with different superscripts are 
different, (P < • 01 ) .  
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TABLE  4. PLASMA FLOW RATES ( 1/min) OF SHEEP FED 
FUNGUS-FREE, FUNGUS-INFESTED AND FUNGys­
INFESTED FESCUE HAY PLUS CIMETIDINE 
Portal Hepatic Hepatic 
Treatment vein vein artery 
Fungus-
free 2. 56 3.20 . 64 
Fungus-
infested 2. 79 3. 42 . 63 
Infested 
cimetidine 2. 80 3. 41  . 60 
Pooled SE . 1 1 . 15 . 04 
1 Values are means; n = 30. 
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1/min on both E+  hay and cimetidine treatments. Hepatic 
vein plasma flow ranged between 3.20 1/min on E- hay to 3.42 
1/min on both E+  hay and cimetidine treatments. In all 
treatments portal plasma flow characteristically represented 
between 80 and 82% of hepatic plasma flow. 
VENOARTERIAL DIFFERENCES 
Hepatic vein minus caudal aorta (H-A) antipyrine 
concentration differences were not different (P < .10) from 
zero indicating no contribution to net flux (Table 5). 
However, hepatic vein minus portal vein (H-P) differences 
were large and different (P < .01) from zero. E+  hay did 
not affect H-P differences among treatments. H-P 
differences were -.143 mg/ 1 on E- hay and -.137 mg/ 1 on E+ 
hay. Cimetidine lowered (P  < .01) H-P differences by 53% 
from -.137 to -.073 mg/ 1. 
HEPATIC ANTIPYRINE UPTAKE 
E+ hay did not increase mean hepatic antipyrine uptake 
(Table 6). Hepatic antipyrine uptake was 2 1.3  mg/h on E­
hay and 22.7 mg/h on E+ hay. Cimetidine decreased (P < .01) 
hepatic antipyrine uptake 51% to 10.8 mg/h. Similar to 
rectal temperatures individual animal responses varied to E+ 
hay and cimetidine. E+ hay increased hepatic antipyrine 
uptake in only one ewe but was decreased by cimetidine in 
all f ! ve. 
TABLE 5 .  ANTIPYRINE VENOARTERIAL DIFFERENCES (mg/1) 
ACROSS THE LIVER OF SHEEP FED FUNGUS-FREE, 
FUNGUS-INFESTED AND FUNGUS-INF!STED 
FESCUE HAY PLUS CIMETIDINE 
Treatment 
Fungus­
free 
Fungus­
infested 
Infested + 
cimetidine 
Pooled SE 
Hepatic vein -
caudal aorta 
- .008 
- .00 1 
- .052 
.0 10 
1 Values are means ; n = 30 . 
Hepatic vein -
portal vein 
- . 1 4 3 a 
- . 1 37 a 
- .07 3 b 
.0 1 1  
a, b Means within a column with different superscripts are 
different, (P < • 0 1 ) . 
1 1 1  
TABLE 6 .  HEPATIC ANTIPYRINE UPTAKE (mg/h) OF SHEEP FED 
FUNGUS-FREE, FUNGUS-INFESTED AND FUNGUS-INFESTED 
FESCUE HAY PLUS CIMETIDINE1 
1 1 2  
Fungus- Fungus- Infested + Pooled 
Ewe # free infested c imetidine SE 
3 1 1 8. 2c 1 9. lc 1 2. od 2. 8 
49 13. la 2 5 . lb 1 7 . 4 a 4 . 2  
60 2 6 . oa, b 27 . la 1 6 . 5 b 6 .0 
73 2 2.0c 17 . 6 c 5 . 4 d 3. 6 
7 5  27 . 4 c 24. 6 c 2. 9d 4. 9 
Mean2 2 1. 3 C 2 2. 7 c 10. ad 2. 1 
1 Values are means ; n = 6 .  
2 Values are means ; n = 30. 
a, b  Means within a row with different superscripts are 
different, (P < • 0 5 ) . 
c, d Means within a row with different superscripts are 
different, (P < . 0 1) . 
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CHAPTER V 
DISCUSSION 
Zanzalari et al. (1989) suggested that ingestion of 
tall fescue infested with the endophytic fungus Acremonium 
coenophialum (Morgan-Jones and Garns) may stimulate the 
energy wasteful cytochrome P-450 dependent MFO system. 
Since oxidation of substrate is not coupled to 
phosphorylation of adenine nucleotides in MFO reactions the 
entire energy change of the reaction must be dissipated as 
heat. 
Therefore, increased MFO activity may result in 
elevated respiration rates and rectal temperatures and 
decreased weight gains observed in animals consuming E+ tall 
fescue. 
Stimulation of hepatic MFO did occur following 
consumption of E+  hay and increased hepatic MFO activity was 
concomitant with increased respiration rates and rectal 
temperatures. Conversely, i.v. administration of cimetidine 
decreased hepatic MFO activity, respiration rates and rectal 
temperatures (Zanzalari et al., 1989). 
Because daily i.v. injections of cimetidine are 
impractible it was of interest to determine whether oral 
administration of cimetidine would be efficacious in 
lowering hepatic MFO activity. 
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PROLACTIN 
Depression of serum prolactin is a consistent and 
characteristic response observed in animals fed E+  fescue 
and has been reported by many groups (Hurley et al., 1981; 
Strahan et al., 1987; Thompson et al., 1986; Lipham et al., 
1989). E+  hay decreased mean plasma prolactin 
concentrations 77% indicating that ewes were subjected to 
conditions of fescue toxicity. Cimetidine increased 
prolactin concentrations in sheep fed E+ hay but not to the 
E- values. Individual response varied among animals. 
Cimetidine was effective in increasing prolactin 
concentrations approximately two-fold in three of the five 
ewes. The prolactin increase in ewe 7 3  was statistically 
significant, but is unlikely to be physiologically 
significant. 
RECTAL TEMPERATURES 
E+ hay increased mean rectal temperatures .3° C from 
39.0 to 39.3° c .  Zanzalari et al. { 1989) reported a .9° c 
increase in rectal temperatures of sheep from 38.5 to 39.4° 
C following consumption of E+ hay. Hemken et al. ( 1979) 
observed a .6° C temperature rise in lactating dairy cows 
fed Gl-307 (E+) hay and Jackson et al. ( 1984) observed a 
1.4° C temperature rise in dairy steers fed E+  Kentucky 31  
seed. Mean rectal temperature of ewes fed E- hay was 39.0° 
C in our present study compared to 38.5° C for ewes fed E-
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hay in our previous study. The present study was conducted 
during June-July with daily ambient low and high 
temperatures ranging between 21 and 32° C, whereas the 
previous study was conducted during January-February with 
daily low and high temperatures ranging between 8 and 19° C. 
Ewes in our present study may have already been heat 
stressed resulting in the higher initial rectal temperatures 
and narrower rectal temperature differences observed between 
E- and E+ hay treatments. Barth et al. ( 1989) observed no 
rectal temperature differences between sheep fed E- and E+ 
fescue for 20 d. Cimetidine was not effective in lowering 
rectal temperatures as it was in our previous study. 
Cimetidine may not be efficacious in lowering rectal 
temperatures when animals are subject to "environmental '' 
heat stress in addition to heat stress due to fescue 
toxicosis. 
PLASMA FLOWS 
Portal and hepatic plasma flow rates were typical for 
sheep (Huntington et al. , 1990) and were similar among all 
three treatments. Sensenig et al. (1987) reported no change 
in plasma flow rates when ewes were fed E+  Kentucky 31  hay. 
Rhodes et al. ( 1989) observed no change in relative hepatic 
blood flows in wethers fed a combination of E+ fescue seed 
and hay (50 seed: 40 hay). This study and the study by 
Sensenig et al. ( 1987) were conducted during 
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summer (June-August } .  The study by Rhodes et al. ( 1989 } was 
conducted at environmental conditions of 3 2° c .  In 
contrast, increases in plasma splanchnic flow rates were 
observed by Zanzalari et al. (1989) during winter (January­
February). Differences among these studies (summer vs  
winter } may be attributed to ambient temperature. Davis and 
Camp ( 198 3 }  observed peripheral vasoconstriction in cattle 
when ambient temperatures fell below 13° c .  Peripheral 
vasoconstiction may lead to increased blood flow to 
splanchnic organs assuming blood pressure and cardiac output 
remain constant. Alternatively, animals subject to 
environmental and toxic fescue induced heat stress (during 
hot weather } may not have the ability to regulate internal 
visceral blood flows to reduce body temperature as  may 
animals subject to only toxic fescue induced heat stress. 
VENOARTERIAL DIFFERENCES 
Antipyrine venoarterial concentration differences 
between H-A were nonsignificant indicating that antipyrine 
recycling does not occur to any great extent and does not 
contribute to hepatic influx from hepatic artery. This 
agrees with previous work (Zanzalari et al. , 1987; Zanzalari 
et al., 1989). Venoarterial concentration differences 
between H-P were large and significantly different from zero 
indicating significant hepatic uptake. However, in contrast 
to an earlier report (Zanzalari et al., 1989 } E+  hay did . not 
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increase hepatic MFO activity. No d ifferences in H-P 
between E- and E+ hay may have been due to the effects of 
cedar shavings. Cedar is known to induce hepatic m icrosomal 
enzymes (Ferguson et al. , 1966) and may explain the 18% 
h igher E- H-P d ifferences observed in the current study. 
Pens were bedded with hard wood shavings in a previous study 
( Zanzalar i et al. , 1989). 
HEPATIC ANTIPYRINE UPTAKE 
Hepat ic antipyrine uptake (mg/h) is the sum of 
venoarterial concentration differences (mg/ 1) t imes blood 
flow ( 1/h). E+ hay did not increase hepatic antipyrine 
uptake as it did in a previous study (Zanzalari et al. , 
1989). As mentioned earl ier this may have be due to 
elevated E- antipyrine uptakes. Hepat ic ant ipyrine uptake 
of ewes typically ranges between 5.1 and 18.6 mg/h with a 
mean of 1 1.8 mg/h ( Zanzalari et al. , 1989 , 1990) follow ing 
consumpt ion of E- hay. Hepatic antipyrine uptake in ewes 
fed E- hay ranged between 13.1  and 27.4 mg/h w ith a mean of 
21.3 mg/h. The present E- value approximated the value 
observed in ewes fed E+ hay (21.7 mg/h) for 8 d in a 
prev ious study ( Zanzalari et al. , 1989) suggesting that 
hepatic MFO may have already been stimulated due to presence 
of cedar shav ings. C imetid ine ( 1200 mg/d) lowered hepatic 
antipyrine uptake from 22.7 to 10.8 mg/h representing a 52% 
118 
reduction in hepatic MFO activity. Cimetidine (800 mg/d) 
injected i.v. reduced hepatic MFO 60% ( Zanzalari et al., 
1989). The additional 400 mg/d of cimetidine was given to 
compensate for any loss (metabolism) of cimetidine which 
might be expected within the rumen and/or abomasum. It 
appears as though some loss of cimetidine did occur as 
evidenced by the 12% lower reduction in hepatic MFO. 
Therefore, cimetidine administered orally is 
efficacious in reducing hepatic MFO and may lead to enhanced 
energy efficiency in animals consuming E+ fescue hay. 
IMPLICATIONS 
The hepatic mixed-function oxidase system has been 
identified as an energy wasteful system (Pirola and Lieber, 
1975; Dorsey and Smith, 1981; Smith, 198 1). Stimulation of 
hepatic mixed-function oxidases by the presence of alkaloids 
and ergotamines in E+  fescue may explain partially the 
increased rectal temperatures and decreased weight gains 
observed in animals consuming E+ fescue forage. Oral 
cimetidine lowers hepatic mixed-function oxidases and may 
attenuate the effects of fescue toxicity. 
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CHAPTER I 
ABSTRACT 
The effects of fungus-infested fescue hay, ergotamine 
tartrate (ET } and metoclopramide (MC }  on rectal 
temperatures, plasma prolactin (PRL } concentrations and 
hepatic antipyrine uptake (HAU } were measured in four ewes. 
HAU uptake was measured as an indirect indicator of hepatic 
mixed-function oxidase (MFO } activity. Ewes were divided 
into one of two groups. Group one received fungus-free (E-) 
followed by fungus-infested hay (E+) and E+  hay plus MC (15 
mg/kg B. W. ). Group two received E- hay followed by E- hay 
plus ET (20 ppm) and E- hay plus ET and MC. Each treatment 
was fed for 10 d. Treatment sequences for the two groups 
were then reversed. Rectal temperatures were similar among 
all treatments. Consumption of E+ hay and ET decreased (P 
<. 01) PRL 69 and 94%, respectively. MC increased (P < .01) 
PRL 596 and 27 38% above values observed following feeding of 
E+ hay and ET, respectively. Consumption of E+ hay 
increased (P < . 05) HAU 2.7 times whereas MC decreased (P < 
. 05) HAU to E- value. ET and MC decreased (P < .10) portal 
vein but increased (P < .10) hepatic arterial plasma flow 
rates. Hepatic antipyrine extraction ratios (HAE } were 
calculated to correct for changes in plasma flow. HAE 
increased (P < .05) 1. 5 times following consumption of ET 
whereas MC decreased (P < . 05) HAE to E- values. ET was a 
good mimetic of E+  hay with respect to increasing HAU and 
decreasing PRL. MC was efficacious in reversing these 
effects to E- values. 
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Sheep. ) 
126 
CHAPTER II 
INTRODUCTION 
Fescue toxicity is a syndrome characterized by rough 
hair coats, excessive salivation, elevated respiration rates 
and rectal temperatures and decreased serum prolactin 
concentrations, dry matter intake and weight gains in cattle 
(Jacobsen et al. , 1970; Hemken et al. , 1979, 1981, 1984; 
Steen et al. , 1979; Jackson et al. , 1984a, b). Alkaloids, 
particularly ergot alkaloids, which are present in tall 
fescue (Festuca arundinacea Schreb. ) infested with the 
endophytic fungus Acremonium coenophialum (Morgan-Jones and 
Gams) (Porter et al. , 1981; Yates et al. , 1985; Lyons et 
al. , 1986) have been implicated in the etiology of fescue 
toxicosis (Gentry et al., 1969; Davis and Camp, 1983; Hemken 
et al. , 1984; Osborn et al. , 1988; Hannah et al. , 1990). 
Osborn et al. (1988) observed increased respiration 
rates and rectal temperatures and decreased average daily 
gains in Holstein steers fed fungus-infested (E+) and 
fungus-free (E-) fescue plus ergotamine tartrate, an 
ergopeptine alkaloid. Schams et al. ( 1972) observed 
decreased serum prolactin concentrations in cattle 
administered a synthetic ergot alkaloid, 2-Br-alpha 
ergokryptine. Lipham et al. ( 1989) observed increased 
grazing time, ADG and serum prolactin concentrations in 
Angus steers grazing toxic fescue and orally treated with 
metoclopramide (MC) compared to non-metoclopramide treated 
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steers grazing the same toxic fescue . Metoclopramide is a 
dopamine-antagonist (Bateman, 1980) . Lipham et al . ( 1989) 
concluded that dopamine-dependent processes other than 
prolactin suppression are altered in fescue toxicity . 
Zanzalari et al . ( 1989b } hypothesized that the 
alkaloids present in E+ fescue stimulate the hepatic mixed­
function oxidase (MFO } system, as measured by hepatic 
antipyrine uptake . Hepatic antipyrine uptake was 72% 
greater in ewes fed E+ hay for 11  d than when ewes were fed 
E- hay . Because the hepatic MFO system has been identified 
as an energy wasteful system, increased hepatic MFO activity 
may explain partially the decreased weight loss observed in 
animals consuming E+ fescue . 
It was the objective of this study to investigate the 
efficacy of ET to elicit similar effects observed in sheep 
fed E+ fescue and to determine the effectiveness of MC to 
attenuate any of these observed changes . 
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CHAPTER III  
MATERIALS AND METHODS 
ANIMALS AND TREATMENTS 
Four mature, ovariectomized, crossbred ewes weighing 
70.0 + 10.9 kg were utilized in a study consisting of five 
experimental treatments. The experimental design was as 
follows: 
Group 1 
Group 2 
E- ----> E+ ----> E+ + MC 
E- ----> E- + ET ----> E- + ET +  MC 
Ewes were divided into one of two groups. Group one 
received E-, E+, and E+ fescue hay plus MC (15 mg/kg BW). 
Group two received E-, E- plus ET (20 ppm), and E- fescue 
hay plus ET and MC. Each experimental treatment was fed for 
10 d. Ground shelled corn (100 g) was fed to each ewe with 
each experimental treatment and served as the carrier for ET 
and/or MC. 
Initially, ET dosage was 30 ppm as used by Osborn et 
al. ( 1988); however, dosage was lowered to 20 ppm due to 
toxic effects on ewes. MC dosage was determined from 
previous reports (Aldrich et al., 1989; Lipham et al., 
1989). Plasma prolactin concentrations and hepatic 
antipyrine uptakes were measured on d 10 for each treatment. 
Measurements of rectal temperatures were made daily 
throughout the study. Following MC treatment ewes were fed 
E- hay for 14 d. Ewes which had received group one 
treatments now were taken through group two treatments. 
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Conversely, ewes which had received group two treatments now 
were taken through group one treatments. Initially, six 
ewes (3  per group) were to be used in the study, however, 
catheter patency permitted the use of only four . Two ewes 
(ewes 52 and 5 3) were taken through both group one and group 
two treatments. Ewe 80 completed only the group one 
treatments before failure of catheter patency and ewe 77 
completed only the group two treatments before being removed 
from the study because of health reasons. 
ANIMAL CARE 
Ewes were housed in individual pens at 2 1  to 32° C with 
natural lighting. Ewes were fed 750 g hay twice daily at 
0800 and 1600 h. ET and/or MC was thoroughly mixed with 50 
g ground corn prior to each feeding and hay was fed only 
following complete consumption of ground corn to ensure 
complete dosing. Ewes 53 and 77 would not consume ET and/or 
MC tainted ground corn. Ground corn was then fed untainted 
and ET and/or MC was dissolved in 20 ml H2o and given prior 
to feeding as a drench flushed by an additional 60 ml H2o to 
ensure complete dosing. Water and trace mineralized salt 
were available ad libitum. 
EXPERIMENTAL HAYS 
Hays were grown on adjacent, similar plots under 
identical conditions at the University of Tennessee Plant 
and Soil Science farm. Hays were first cutting Kentucky 31  
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fescue harvested on May 21, 1989. Proximate analyses of 
hays were determ ined accord ing to AOAC { 1984) procedures and 
were essentially identical (Table 1). Level of fungus 
infestat ion was determined by the enzyme l inked 
immunosorbent assay (ELISA) {Redd ick and Coll ins, 1988). E­
hay was less than 1% infested and the E+ hay was greater 
than 55% infested. 
SURGICAL TECHNIQUE 
Permanent indwell ing catheters were surg ically 
implanted into the mesenteric, portal, hepatic and femoral 
ve ins and femoral artery as descr ibed by Zanzalari et al. 
( 1989b) accord ing to a modified techn ique developed by Katz 
and Bergman ( 1969). Surgeries were performed at least 10 d 
prior to exper iments. Ewes were determ ined to be fully 
recovered from surgery by a normal rectal temperature 
read ing for two consecutive days and consumption of 1.5 kg 
d-l of E- hay. 
EXPERIMENTAL PROCEDURES 
On exper imental days, a solution conta in ing 1.5% para­
am inohippurate { PAH), a nonmetabol izable dye used to measure 
blood flow, and .218% antipyrine, a drug extensively 
metabolized by hepatic MFO { Shivey et al., 1979 ; Vesell, 
1979 ; Wood et al., 1979) was infused into the mesenteric 
vein at .764 ml/m in following a 25 ml primed dose of the 
same solution. The infusate was allowed to equilibrate for 
TABLE 1. PROXIMATE ANALYSES OF FUNfUS-FREE 
AND FUNGUS-INFESTED FESCUE HAY , % 
Fungus- Fungus-
Item free infested 
Dry matter 86.19 8 6.10 
Crude protein 8.7 7 9.36 
Ether extract 2.36 2.3 1 
Acid detergent fiber 3 8.96 40.2 5 
Ac id detergent fiber N 8.42 10.02 
N-free extract 3 3.2 9 3 1.36 
Ash 6.40 6.45 
1 All items except dry matter are on a dry matter basis. 
13 1 
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1 h in order for PAH and antipyrine to reach near steady­
state concentrations. Blood samples (7 ml) were withdrawn 
simultaneously from the hepatic and portal veins and femoral 
artery at 60, 80, 100, 120, 140, and 160 min following 
initiation of infusion and immediately placed on ice. 
Animals were accustomed to personnel and did not have to be 
restrained during experiments. 
CHEMICAL METHODS 
Analyses of blood was conducted for packed cell volume 
and concentrations of whole blood PAH, plasma antipyrine and 
prolactin. Antipyrine was determined according to the 
procedure of Brodie et al. (1949) and PAH according to the 
procedure of Kaufman and Bergman (1971) and have been 
described in greater detail (Zanzalari et al. , 1989b). 
Arterial plasma prolactin was determined according to the 
procedure of Bolt and Rollins (1983) as  modified by McKenzie 
(1987). 
CALCULATIONS 
Whole blood flow rates for liver were calculated by 
dividing the infusion rate of PAH by the venoarterial 
concentration difference across the liver using the 
indicator-dilution method : 
F = I/Cv-CA), 
where F equals whole blood flow through the organ in 
liters per minute, I is  the infusion rate of PAH in optical 
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density units per minute, and CA and Cv are the PAH optical 
density units per liter in the portal and hepatic veins. 
Portal and hepatic vein flows were measured directly and 
hepatic arterial flow was calculated from the difference 
between the two. Plasma flows were calculated by 
subtracting that portion of the flow represented by the 
packed cell volume. 
Net fluxes of antipyrine were calculated using the 
following equation: 
Hepatic flux = PF (Ch-Cp) + AF (Ch-Ca), 
where PF and AF are the plasma flow rates ( 1/min) in the 
portal vein and hepatic artery and Cp, Ca and Ch are the 
concentrations (mg/ 1) of antipyrine in portal vein, hepatic 
artery and hepatic vein plasma. A negative value denotes 
antipyrine uptake, whereas a positive value denotes 
antipyrine release by the liver. 
Hepatic extraction ratios of antipyrine were calculated 
using the following equation: 
Hepatic extraction = (Hepatic Flux)/ (PF*Cp)+ {AF*Ca), 
where PF and AF are the plasma flow rates { 1/min) in the 
portal vein and hepatic artery and Cp and Ca are the 
concentrations of antipyrine {mg/ 1) in the portal vein and 
hepatic artery. 
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STATISTICAL ANALYSES 
Data were analyzed using the GLM procedure of SAS 
(1985). The statistical model included animal , treatment 
and the animal x treatment interaction as sources of 
variation. Venoarterial concentration and net flux rate 
differences were determined to be different from zero by t­
test. Treatment mean differences for dependent variables 
were determined using orthogonal contrasts in which the main 
effects of animal and treatment were tested using the animal 
X treatment interaction as the source of error. 
Autocorrelation analysis of data were performed for the 
six samples for within animal and experiment and no 
significant differences were detected, therefore, analysis 
of variance was performed for each individual animal. 
135 
CHAPTER IV 
RESULTS 
RECTAL TEMPERATURES 
Mean rectal tempratures of ewes fed E- , E+ and MC were 
similar ( 39. 2 + . 04° C). Rectal temperatures were also 
similar in ewes fed E- , ET and MC ( 39. 2 + . 05° C) (data not 
shown). 
PROLACTIN 
E+ hay decreased (P < . 01) whereas MC increased ( P 
<. 01) mean plasma prolactin concentration above that of E+ 
and E- values (Table 2). Similarly , ET decreased (P < . 0 1) 
and MC increased ( P <. 01) mean plasma prolactin 
concentration (Table 3). 
PLASMA FLOWS 
Portal and hepatic vein and hepatic artery plasma flow 
rates were sililar among E- , E+ and MC treatments (Table 4). 
Portal plasma flow was about 1. 4 1/min and 83% of hepatic 
plasma flow (P/H ratio) in all three treatments. However , 
portal vein flow decreased (P < . 10) and hepatic artery flow 
increased (P < . 10) in ewes fed ET (Table 5). Because 
hepatic vein plasma flow was not affected by ET , portal vein 
contribution to total liver plasma flow decreased (P < . 05) 
from 8 1  to 70 and 73% when ET or MC was fed. 
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TABLE 2. PLASMA PROLACTIN CONCENTRATIONS (ng/ml) OF SHEEP 
FED FUNGUS-INFESTED FESCUE HAY AND METOCLOPRAMIDE1 
Fungus- Fungus- Infested + Pooled 
Ewe # free infested metoclopramide SE 
5 2 63. 5 c 1 8.0d 2 1 2.2 e 20.3 
53 5 7 .3 c . 7 d 97 . 6 e 10. 1 
80 100. 4 a 5 5 _ 5 b, c 1 10. 2b, d 1 4. 6 
Mean2 73. 7 c 2 2. 9d 1 5 9. 4 e 9.3 
Table 3. PLASMA PROLACTIN CONCENTRATIONS (ng/ml) OF SHEEP 
FED ERGOTAMINE TARTRATE AND METOCLOPRAMIDE1 
Fungus- Ergotamine Ergotamine + 
Ewe # free tartrate metoclopramide 
5 2 1 8. 2c 2. 2d 1 1 6 .3 e 
53 1 4.3 a _ 9b, c 2 9 _3 b, d 
7 7  8 1. 4 C 4.0d 5 8. 7 e 
Mean2 3 8. oc, e 2. 4d 6 8. lb, e 
1 Values are means; n = 6 for each animal. 
2 Values are means; n = 1 8 for each tre atment. 
a, b Me ans within a row with different superscripts are 
different, (P < . 10) . 
Pooled 
SE 
1 4. 5 
2. 9  
8.3 
5 . 9  
c, d, e Means within a row with different superscripts are 
different, (P < .0 1 ) .  
TABLE 4. PLASMA FLOW RATES ( 1/min) OF SHEEP FE� FUNGUS­
INFESTED FESCUE HAY AND METOCLOPRAMIDE 
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Hepatic Portal Hepatic Portal/Hepatic 
Treatment vein vein artery ratio 
Fungus-
free 1.60 1. 33  . 27 .83 
Fungus-
infested 1.61 1. 34 . 27 .83 
Infested + 
metoclopramide 1. 79 1. 48 .31  .83 
Pooled SE .08 .07 .03 .01 
TABLE 5. PLASMA FLOW RATES ( 1/min) OF SHEEP FED 
ERGOTAMINE TARTRATE AND METOCLOPRAMIDE 
Hepatic Portal Hepatic Portal/Hepatic 
Treatment vein vein artery ratio 
Fungus-
1.26a .32a .ale free 1.58 
Ergotamine 
1. 10b .53b .71d tartrate 1. 64 
Ergotamine + 
metoclopramide 1 .  44 1. 06b . 3aa, b .73d 
Pooled SE .07 . 04 .04 . 02 
1 Values are means; n = 18. 
a, b Means within a column with different superscripts are 
different, (P < • 10) . 
c, d Means within a column with differ 8nt superscripts are 
different, (P < .01). 
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VENOARTERIAL DIFFERENCES 
Hepatic vein minus caudal aorta (H-A) antipyrine 
concentration differences were different from zero (P < . 05) 
on all treatments (Table 6 and 7), indicating significant 
rates of total splanchnic flux. E+ hay and MC increased (P 
< . 10) H-A differences. Differences between H-A were not 
different from each other in ewes fed E-, ET or  MC . 
Hepatic vein minus portal vein (H-P) differences were also 
large and significantly different from zero (P < . 0 1) on all 
treatments, indicating significant hepatic uptake. 
Differences between H-P increased (P < . 0 1) when either E+ 
hay or ET were fed. MC decreased (P < . 10) H-P differences 
when E+ hay but not when ET was fed. 
HEPATIC ANTIPYRINE UPTAKE 
E+ hay increased (P < . 05) whereas MC decreased (P < 
. 05) mean hepatic antipyrine uptake back to E-value (Table 
8). However, there were animal differences. All ewes 
exhibited increased hepatic antipyrine uptakes following 
consumption of E+ hay. However, MC decreased hepatic 
antipyrine uptake in only one ewe. Mean hepatic antipyrine 
uptake was not affected by either ET or MC treatments { Table 
9) • 
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TABLE 6 .  ANTIPYRINE VENOARTERIAL DIFFERENCES (mg/1) OF SHEEP 
FED FUNGUS-INFESTED FESCUE HAY AND METOCLOPRAMIDE1 
Hepatic vein- Hepatic vein-
Treatment caudal aorta portal vein 
Fungus-
.05 7 a -.097 a, c free 
Fungus-
.05 7 a -.2 oab, d infested 
Infested 
metoclopramide . 122 b -. 1 42 a 
Pooled SE .0 1 6  .020 
TABLE 7 .  ANTIPYRINE VENOARTERIAL DIFFERENCES (mg/1) OF SHEEP 
FED ERGOTAMINE TARTRATE AND METOCLOPRAMIDE1 
Hepatic vein- Hepatic vein-
Treatment caudal aorta portal vein 
Fungus-free .093 -. 1 4 6 a 
, c 
Ergotamine 
-.23 5 d tartrate . 105  
Ergotamine + 
-.20 6 b, d metoclopramide . 1 1 1  
Pooled SE .0 13 .0 1 6  
1 Values are means; n = 18. 
a, b Means within a column with different superscripts are 
different, {P < . 10) . 
c, d Means within a column with different superscripts are 
different, (P < .0 1) .  
TABLE 8. HEPATIC ANTIPYRINE UPTAKE (mg/h) OF SHEEl FED 
FUNGUS-INFESTED FESCUE HAY AND METOCLOPRAMIDE 
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Fungus- Fungus- Inf ested + Pooled 
Ewe # free in fested metoclopramide SE 
52 1 2. 5a 32.7b, c 1 1. 7a, d 4 . 1  
53  1. 7a 7.7b 2. 6a, b 1. 5  
80 4. 9a, e 10.9b 1 1. 1b, f 1. 1  
Mean 2 6. 4c 17. ld 8. 5c 1. 7 
TABLE 9. HEPATIC ANTIPYRINE UPTAKE (mg/h) OF SHEEP FED 
ERGOTAMINE TARTRATE AND METOCLOPRAMIDE 1 
Fungus- Ergotamine Ergotamine + Pooled 
Ewe # free tartrate metoclopramide SE 
5 2 6. 4 10. 5 14. 6 2. 4  
53 1 2. 1  8. 4 1 2. 0  1. 4  
77 8. 7e is. s f 5. 0e 1. 8  
Mean2 9. 0 12. 5  10. 5 1. 1 
1 Values are me ans; n = 6 for each animal. 
2 Values are means; n = 18 for each treatment. 
a, b Means within a row with dif f erent superscripts are 
dif f erent, (P < . 10) . 
c, d Means within a row with dif f erent superscripts are 
dif f erent, (P < . 05) . 
e, f Me ans within a row with different superscripts are 
dif ferent, (P < . 0 1). 
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HEPATIC EXTRACTION RATIO 
Mean hepatic antipyrine extraction ratio, a measurement 
of the percent antipyrine extracted and, therefore, 
independent of blood flow, increased (P < .05) following 
consumption of E+ hay (Table 10). MC decreased (P < .05) 
mean hepatic antipyrine extraction back to E- value. 
Similarly, ET increased (P < . 10) and MC decreased (P < . 05) 
mean hepatic antipyrine extraction back to E- value (Table 
11) . 
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TABLE 10. HEPATIC ANTIPYRINE EXTRACTION RATIOS  (%) OF SHEEP 
FED FUNGUS-INFESTED FESCUE HAY AND METOCLOPRAMIDE 1 
Fungus- Fungus- In fested + Pooled 
Ewe # free inf ested metoclopramide SE 
52 6.4c 15.8d 6.lc . 0 2 
53  3.1 5. 1 3. 1 .0 1 
80 3.8a, c 7.7b 7 _ 5b, d .01 
Mean2 4.4a 9.5b 5.6a .01 
TABLE  1 1. HEPATIC ANTIPYRINE EXTRACTION RATIOS (%) OF SHEEP 
FED ERGOTAMINE TARTRATE AND METOCLOPRAMIDE 1 
Fungus- Ergotamine Ergotamine + Pooled 
Ewe # free tartrate metoclopramide SE 
52 4.0 5. 1 5.4 .0 1 
53  8. 2 a 9.9b 8. 2 a, b .0 1 
77 6.9 a 13.7 f 3.0e .0 1 
Mean 2 6.4a 9.6b, c 5.5a, d .01 
1 V alues are means; n = 6 for ea ch animal. 
2 V alues are me ans; n = 18 for each treatment. 
a, b Means within a row with dif f erent superscripts are 
di fferent, (P < . 10). 
c, d Means within a row with dif f erent superscripts are 
different, (P < .05). 
e, f Me ans within a row with dif ferent superscripts are 
dif ferent, (P < .0 1). 
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CHAPTER V 
DISCUSSION 
Alkaloids indigenous to tall fescue have been 
implicated in fescue toxicosis (Gentry et al., 1969; Davis 
and Camp, 1983; Hemken et al., 1984). Several alkaloids 
have been isolated from toxic tall fescue including B­
phenethylamine and B-carboline (Davis et al., 1983) and 
ergopeptine alkaloids (Porter et al., 1981; Yates et al., 
1985). These alkaloids have various physiological effects 
on animals but all have one thing in common, 
biotransformation via the hepatic MFO (Swick, 1984). 
The hepatic MFO is the primary detoxication system in 
the body. However, it is also an energy wasteful system 
because oxidation of substrate is not coupled to 
phosphorylation of a high energy compound such as ATP 
(Pirola and Lieber, 1975; Dorsey and Smith, 1981; Smith, 
1981) and the entire energy change of the reaction must be 
dissipated as heat. Zanzalari et al. ( 1989b) observed 
increased hepatic MFO activity in ewes fed E+  fescue hay. 
Increased hepatic MFO may explain partially the increased 
rectal temperatures and decreased weight gains observed in 
animals consuming E+  fescue. Inhibition or partial 
inhibition of hepatic MFO could lead therefore to enhanced 
performance in animals consuming E+ fescue. 
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RECTAL TEMPERATURES 
Consumption of E+ hay or ET did not increase mean 
rectal temperatures which is in contrast to Zan zalari et al. 
( 1989b) and Zan zalari et al. ( 1989a) that observed .9° C and 
. 3° C increases, respectively. Although rectal temperatures 
usually increase when E+ hay is fed, data has been 
inconsisitent. There have been reports of .3  to 1.4° C 
increases in rectal temperatures (Jackson et al, 1984a, 
1984b; Hemken et al., 1979). However, there have been 
reports, by the same laboratories, of no effects of E+ hay 
on rectal temperatures (Hemken et al., 1979; Strahan et al., 
1987; Harmon et al., 1989). Hemken et al. ( 1981) have 
suggested that ambient temperature must exceed 3 1° C before 
statistical increases in rectal temperatures are observed. 
The daily ambient temperatures of this study ranged from 21  
to 32° c .  
PROLACTIN 
Plasma prolactin concentrations decreased 69 and 94% 
following consumption of E+ hay and ET demonstrating that 
ewes were subjected to fescue toxicosis. Decreased serum 
prolactin concentrations have been observed in animals fed 
E+  fescue {Hurley et al., 1981; Thompson et al., 1986; 
Lipham et al., 1989). Depression of serum prolactin is 
mediated through dopamine antagonism (Hokfelt and Fuxe, 
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1972), possibly through direct stimulation of dopamine 
receptors on prolactin cells (Berde and Schild, 1978) and/or 
inhibition of cAMP mediated prolactin release (Nagasawa et 
al. , 1972). Dopamine concentrations have been shown to be 
inversely related to prolactin levels (Gonzalez-Villapando 
et al. , 1980). MC, a dopamine receptor antagonist (Pinder 
et al. , 1976), increased plasma prolactin concentrations 596 
and 2738% above values observed following consumption of E+ 
hay and ET , respectively. Lipham et al. { 1989) observed a 
3286, 746, and 320% increase in basal serum prolactin 
concentrations in steers grazing E+ fescue following 3, 6 
and 9 wk treatment with MC . Boling et al. { 1989) observed 
a 1 16% increase in serum prolactin concentrations in Angus 
calves fed G l-307 (> 90% infested) plus 2 g/d phenothiazine 
compared to calves fed G l- 307 alone. Phenothiazine is also 
a dopamine antagonist {Finding and Tyrrell, 1986). 
Therefore, MC can be used to increase depressed prolactin 
concentrations in animals fed E+ hay or ET. 
PLASMA FLOW 
Portal and hepatic vein and hepatic artery plasma flow 
rates were not affected by E+ hay or MC and were typical for 
sheep {Huntington et al. , 1990). Contribution of total 
liver flow from portal vein was 83% and the remaining 17% 
was from the hepatic artery. This is agrees with reports 
ut ilizing sheep ( Zanzalari et al. , 1989a; Sensenig et al. , 
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1987; Rhodes et al. , 1989) and cattle (Harmon et al. , 1989). 
However ,  ET decreased portal flow and increased hepatic 
artery flow but did not affect hepatic vein flow, thereby 
decreasing the portal vein contribution to total liver flow 
from 8 1  to 70%. MC did not reverse the effects of ET . No 
previous data on the effects of ET on portal flow have been 
reported and we have no physiological explanation for the 
mechanism by which ET changed portal vein and hepatic artery 
flow. Ergotamine causes peripheral vasoconstiction of veins 
in animals (Osswald et al. , 1970) and humans (Abramson and 
Lichtman , 1937) presumably through the a-receptor system 
(Davis and Camp , 1983; Lyons et al. , 1986). Ergotamine has 
been shown to cause vasoconstiction in the hindquarter 
(Haley and McCormick , 1956) and mesenteric vein of the dog 
(Berde and Schild , 1978). Therefore , ET may also exert its 
effects on portal vein flow. 
VENOARTERIAL DEIFFERENCES 
Venoarterial antipyrine concentration differences 
between H-A were large and significantly different from zero 
in all treatments. This is contrary to previous reports 
which demonstrated no significant differences from zero 
between H-A among any of the treatments ( Zanzalari et al. , 
1989a , 1989b). Significant differences from zero between H­
A indicate that antipyrine recycling did occur and that the 
hepatic artery carried significant amounts of antipyrine 
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back to the liver. MC increased H-A differences 1 14% which 
demonstrate that either antipyrine concentrations increased 
in hepatic vein or decreased in hepatic artery. Because P-A 
differences (data not shown) were similar between E+  and MC 
treatments and H-P differences (discussed later) decreased 
on MC treatment, greater antipyrine concentration in hepatic 
vein was responsible for the increased H-A difference 
observed during MC treatment. 
Differences in H-P increased 114% following consumption 
of E+ hay demonstrating greater antipyrine uptake by liver. 
MC decreased H-P differences 32% to E- value suggesting that 
MC is effective in decreasing hepatic antipyrine uptake. 
Zanzalari et al. ( 1989b) reported a 5 1% increase in H-P 
differences in ewes fed E+ hay whereas cimetidine (an MFO 
inhibitor) decreased H-P differences 31%. ET did not affect 
H-A difference but increased H-P difference 6 1% 
demonstrating increased hepatic antipyrine uptake. MC did 
not decrease H-P difference. Concomitant with increased H-P 
differences was a significant decrease in P/H ratio. 
Because P/H ratio decreased on ET treatment less antipyrine 
would be brought to the liver and therefore would result in 
decreased H-P differences. However, H-P differences 
increased despite decreased P/H ratio demonstrating real and 
significant antipyrine removal by liver. 
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HEPATIC ANTIPYRINE UPTAKE 
Hepatic antipyrine uptake (mg/h) is the sum of 
venoarterial concentration differences (mg/ 1) times blood 
flow (mg/h). Hepatic antipyrine uptake increased 168% 
following consumption of E+ hay. Zanzalari et al. ( 1989b) 
reported a 5 1% increase in hepatic antipyrine uptake 
following 1 1  d consumption of E+ hay demonstrating that 
hepatic MFO activity does increase in animals fed E+ fescue 
hay. MC decreased hepatic antipyrine uptake 50% in ewes fed 
E+ hay compared to 60 and 40% decreases in hepatic 
antipyrine uptake observed in ewes treated with cimetidine 
(Zanzalari et al., 1989a, 1989b). Therefore, similar to 
cimetidine, MC can be used as an effective MFO inhibitor in 
sheep consuming E+ fescue hay. E- values for hepatic 
antipyrine uptake were lower than observed in a previous 
report (Zanzalari et al., 1989b) and may account for the 
significant amounts of recycled antipyrine (H-A 
differences). ET did not increase and MC did not decrease 
mean hepatic antipyrine uptake in ewes. However , P/H ratio 
significantly decreased from 83% on E- hay to 7 1  and 7 3% on 
ET and MC treatments, respectively. Hepatic antipyrine 
uptakes are accurate measurements of hepatic antipyrine 
metabolism if proportions of plasma flow remain constant 
(i.e. P/H ratio). Because proportions of plasma flow 
changed during ET and MC treaLnents, hepatic antipyrine 
uptakes do not accurately reflect hepatic antipyrine 
metabolism . Therefore, it was necessary to calculate 
hepatic antipyrine extraction ratios for ET treatments. 
HEPATIC ANTIPYRINE EXTRACTION RATIOS 
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Hepatic antipyrine extraction ratio is the proportion 
of antipyrine brought to the liver (tissue plasma flow 
multiplied by antipyrine concentration in input vessels) 
that is removed by the liver (net flux). Significant 
changes in extraction ratios between treatments indicate 
that changes in net flux with treatment are due at least in 
part to some physiological mechanism and not solely to 
changes in antipyrine concentration or proportion of plasma 
flows. Mean hepatic antipyrine extraction ratio increased 
116% following consumption of E+ hay and represents a 
significant increase in hepatic antipyrine metabolism. MC 
decreased antipyrine extraction ratio 4 1% demonstrating that 
MC is an effective MFO inhibitor. ET increased hepatic 
antipyrine extraction 50% suggesting that ET can be used to 
increase hepatic antipyrine uptake. MC decreased hepatic 
antipyrine extraction 43% which was a similar decrease in 
hepatic antipyrine extraction observed following treatment 
with MC  in ewes consuming E+ hay. 
IMPLICATIONS 
Ewes fed fungus-infested fescue hay had increased 
hepatic mixed-function oxidase activity , as measured by 
hepatic antipyrine uptake, and decreased plasma prolactin 
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concentrations. Metoclopramide reversed the increase in 
hepatic mixed-function oxidase activity and decrease in 
plasma prolactin concentrations. Ergotamine tartrate 
mimicked the effects of increased hepatic antipyrine uptake 
and decreased plasma prolactin concentrations observed in 
ewes fed fungus-infested hay and may be useful in 
reproducing these effects without the feeding of fungus­
infested fescue. 
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APPENDICES 
APPENDIX 1 
PARA-AMINO HIPPURIC ACID ANALYSIS 
Reagents for Filtrate 
1) Double Distilled { DD) H2O 
2) 20% Trichloroacetic Acid {TCA } { CC 13COOH } 
{ Sigma Chemical Co., cat. # T-6399) 
200 g CC13COOH ---> 1.0 liter DD H2O 
Method for Filtrate 
l }  Pipette 1.0 ml of blood or standard into 15 ml 
centrifuge tube containing 5.0 ml DD H2o .  
2) Pipette 5.0 ml of blood or standard mixture into 
second 15 ml centrifuge tube containing 5.0 ml 
20% TCA. 
3) Let stand 60 min or overnight {can be left at 
this stage if refrigerated). 
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4) Filter through Whatman # 4 filter paper into 16 X 
150 mm glass culture tubes. 
5) Add boiling chip to each culture tube and place a 
marble on top of each tube. 
6) Boil over low heat in water bath for 30 min after 
fine bubbles appear in each tube. 
7) Cool at room temperature and remove marbles when 
cool. 
8) Standards from 1.5% PAH infusion solution are made 
along with this using same method as for blood 
filtrate. 
Make up a 1: 500 dilution for sheep from 1.5% 
infusion solution; 1: 100 for dog from 0.25% 
infusion solution {considered 10: 10). 
From this dilution make up a standard dilution: 
20% = 2 : 10;  40% = 4 : 10;  60% = 6 : 10; 80% = 8 : 10 ;  
and 100% = 10: 10 {stock dilution). Be sure to 
run this through the filtrate procedure {do not 
have to boil). 
Blank mixed with half DD H2o and half TCA { 20%). 
Reagents 
l }  1.2 N Hydrochloric Acid (HCl) 
(Fisher Scientific Co., cat. # A-144-S) 
1: 10 dilution of 12.4 N HCL close enough 
2) Sodium Nitrite (NaNO2 } 
(Sigma Chemical Co., cat. # S-2252) 
100 mg NaNO2 ---> 100 ml H2O 
Freshly made up on day of analysis. 
3) Ammonium Sulfamate (NH4OSO2NH2 } 
(Sigma Chemical Co., cat. # A-8670) 
Made up within a month. 
4) Coupling Reagent N (-1-Naphthyl)Ethylenediamine 
(Sigma Chemical Co., cat. # N-5889) 
Analysis 
Store in a brown bottle in refrigerator 
indefinitely. 
1) Pipette 1.0 ml of filtrate into test tube (in 
duplicate). 
Pipette 1.0 ml of standard into test tube (in 
duplicate). 
Pipette 1.0 ml of blank into test tube (in 
duplicate). 
2) Add 0.2 ml of 1.2 N HCl to all tubes and mix 
thoroughly. 
Start time clock and add to all tubes : 
0. 1 ml sodium nitrite and mix thoroughly. 
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0. 1 ml ammonium sulfamate within 3 to 5 min and mix 
thoroughly. 
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0.1 ml coupling reagent within 3 to 5 min and mix 
thoroughly. 
Wait 10 min for color development. 
Read absorbance on spectrophotometer at 540 nm. 
PAH Stock Solution 
1) Para-Aminohippuric Acid (PAH) (NH 2 C 6H 4 CONHCH 2 COOH) 
(Eastman Kodak Corp., cat. # 5704) 
2) Sodium Hydroxide (NaOH) 
(Fisher Scientific Co., cat. # S-3 18) 
Dissolve each reagent separately in Physiological 
Sterile Saline (PSS): 
4 4.8 g NH 2 C 6H4 CONHCH 2 COOH 
10.5 g NaOH 
Then add NaOH solution to PAH solution and stir. 
May have to heat gently to fully dissolve. 
Filter through Whatman # 4 filter paper. 
Titrate filtrate to pH 7.4 with 1 N HCl or 4 M 
NaOH. 
Bring final volume to 500 ml. Yields a 1.5% 
solution of sodium salt. 
APPENDIX 2 
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GLUCOSE ANALYSIS 
Sigma Chemical Co. # 5 10 enzymatic colorimetric in 
vitro determination for whole blood, plasma or serum is 
based upon the following coupled enzymatic reactions : 
glucose oxidase 
Glucose + 2 H2 O + o2 ---------> Gluconic acid + 2 H2 O2 
peroxidase 
H2 O2 + o-Dianisidine ----------> oxidized o-Dianisidine 
(colorless) (brown color) 
The intensity of the brown color is measured at 4 50 nm 
and is proportional to the original glucose 
concentration. 
Reagents 
1) PGO Enzyme, Stock # 5 10-6 (Preweighed capsules) . 
Contains glucose oxidase, peroxidase and buffer 
salts. 
One capsule is diluted with double distilled (DD) 
H2 O to 100 ml and stored in an amber bottle at 0 
to 5 ° c .  
2 )  o-Dianisidine Dihydrochloride, Stock # 5 10-50. 
Preweighed vial is diluted with DD H2 o to 20 ml 
and stored at o to 5 ° c .  
1.6 ml of this is added to 100 ml of PGO enzyme 
solution. 
3) Glucose Standard Solution, Stock # 53 5 -100. 
Consists of a solution of beta-D-glucose, 100 
mg/dl in benzoic acid, 0.1 % and stored at O to 
5 c .  
4) 0.3 N Barium Hydroxide Solution, Stock # 14-3. 
5 )  5 .0 % Zinc Sulfate Solution, Stock # 14-4, 
ZnSO4 * 7 H2 O. 
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Sample Collection and Preparation 
Blood samples should be collected in a conta iner with a 
su itable anticoagulant. Immediately after sample is 
collected, p ipette 0. 2 ml blood into test tube 
conta in ing 1. 8 ml DD H2o, then mix. To each tube add 
1. 0 ml barium hydroxide, mix, then add 1. 0 ml z inc 
sulfate and mix aga in. 
Blank and standard are prepared in a s im ilar manner 
except 0. 2 ml of DD H2o and 0. 2 ml of glucose standard 
are used, respectively, in place of the blood. 
Tubes are then centr ifuged at 3g for 15 min. 
at O to 5° C. 
Analysis 
Prepare unknown, blank and standard tubes in duplicate 
as follows: 
To each tube add 0. 25 ml of supernatant from the 
respective centrifuged unknown, blank and standard 
tubes followed by 2. 5 ml of PGO/color solution and mix. 
Incubate all tubes at 37° c for 30 m in in a waterbath 
or at room temperature for 45 min. 
Avo id direct exposure to sunl ight or bright l ight. 
Following incubation, remove all tubes from the 
waterbath. 
Read at 450 nm. 
Read ings should be completed with in 30 m in. 
Calculation 
Blood glucose (mg/dl) = 
Absorbance Unknown 
Absorbance Standard 
X 100 
APPENDIX 3 
FREE FATTY ACID ANALYSIS 
Principle 
NEFA kit from Wako and is based upon the following 
reactions: 
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FFA are activated to CoA ester by aceyl CoA synthetase 
(ACS). 
ACS 
R-COOH + ATP + CoA -------> Acyl-CoA + AMP + pp 
Acyl-CoA is oxidized by acyl CoA oxidase (ACOD) to 
produce hydrogen peroxide. 
ACOD 
Acyl-CoA + 02 --------> 2 , 3  trans-Enoyl-CoA + H202 
Hydrogen peroxide is acted on by peroxidase (POD) in 
the presence of 3-methyl-N-ethyl-N-beta-hydroxyethyl­
aniline (MEHA) and 4-aminoantipyrine (AAP) to form a 
product with a purple color which is measured 
colorimetrically at 550 nm. 
2 H202 + MEHA + AAP --> Purple Quinone Product + 4 H20 
Reagents 
1) Color reagent "A". Each vial contains: 
Acyl-CoA synthetase 
Ascorbate oxidase 
CoA 
ATP 
4 Aminoantipyrine 
2) Diluent for color reagent "A '' · Bottle contains 
0. 05 M Phosphate Buffer, pH 6.9 
Magnesium Sulfate 
Surfactant 
Stabilizers 
3) Color reagent "B". Each vial contains : 
Acyl-CoA oxidase 
Peroxidase 
MEHA 
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4) Diluent for color reagent " B ". Bottle contains: 
Phenoxyethanol 
Surfactant 
5) NEFA standard. Each vial contains aqueous solution 
with: 
Procedure 
1 . 0  mM Oleic acid 
Surfactant 
Stabilizers 
1) Preparation of standards: 
Dilute the standard provided ( 1000 ueq/ 1) with 
double distilled (DD) H2o to provide 125 , 250  and 
500 ueq/liter standards. Validation tests show 
DD H2o is an acceptable diluent. 
2) Preparation of reagents: 
Analysis 
Mix color reagent "A" by adding 10 ml of the 
specific "A " diluent to each vial. Gently invert 
the vial until contents are completely dissolved 
and then combine with 13.3 ml of DD H2o .  
Mix color reagent " B "  by adding 2 0  ml of the 
specific " B "  diluent per vial. Gently invert 
until contents are dissolved and then combine 
with 33.3  ml DD H20. 
Solutions should be stored between 2 to 8° c and 
are stable for 5 d. Do not freeze solutions or 
expose them to direct sunlight. 
1) Assay each sample and standard in duplicate. 
2) Add 0.4 ml DD H20 to each tube. 
3) Add 0.1 ml of serum, plasma or standard to 
each tube, followed by 0.3 5  ml of the combined 
reagent "A " plus H2o mixture. Mix and 
refrigerate for �p to 60 min if necessary. 
Tube 
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4) Incubate tubes in a waterbath at 37° C for exactly 
20 min. 
5) Following incubation, add 0.8 ml of the combined 
reagent "B" plus H2o mixture to each tube, mix and 
incubate a second time at 37° C for exactly 20 min. 
6) Remove tubes from waterbath, allow to equilabrate 
at room temperature for 5 min, then record the OD 
at 55 0 nm using a blank prepared with reagents as 
zero. 
Standard Plasma 
(Volume in 
Reagent A +  
ml) 
H2 0  Reagent B + H20 
Blank 0.35 0.8 0 
Std 
ueq/ 1 
12 5 0.0 2 5  " II 
2 5 0  " II II 
5 0 0  " II " 
10 0 0  II II " 
Unknown 0.10 0.3 5 0.8 0 
Comments 
Do not mix reagents and supplies from test kits bearing 
different lot numbers. 
The assay is sensitive to heparin and plasma samples 
using heparin as an anticoagulant are unsuitable. 
Samples which are hemolyzed may yield inaccurate 
results. 
Ascorbic acid interferes with assay so ascorbate 
oxidase is automatically included in reagent "A 11 
mixture in the WAKO kit. 
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ACETOACETATE ANALYSIS 
Principle 
The acetoacetate analysis is  a spectrophotometric 
determination based upon a compounds (nicotinamide 
adenine dinucleotide, NAD, in this analysis) unique 
propertery to absorb a specific quantity of light of 
specific wavelenght. Acetoacetate i s  indirectly 
determined from the concentration of NAD following the 
chemical reaction: 
HOOC-CH2-CO-CH3 + NADH + H
+ ---> HOOC-CH2-CHOH-CH3 + NAD
+ 
acetoacetate beta-hydroxybutyrate 
Acetoacetate is reduced, in a 1: 1 stocheiometry, using 
reduced nicotinamide adenine dinucleotide (NADH } in the 
presence of the enzyme beta-hydroxybutyrate 
dehydrogenase resulting in the formation of beta­
hydroxybutyrate and oxidized nicotinamide adenine 
dinucleotide (NAD+). The change in absorption between 
the reduced and the oxidized forms of nicotinamide 
adenine dinucleotide results in the calculation of 
acetoacetate. 
Treatment of Blood 
1) Mix equal volumes of whole blood and 1 M HCL04 
immediately after sampling. 
2) Centrifuge at 3g for approximately 15 min. 
3) Neutralize excess HCL04 with KOH so that the final 
pH is  between 6.0 and 8.0. 
4) Centrifuge off the potassium perchlorate formed at 
approximately 3g for 15 min then pour off the 
supernatant. 
5) Samples must be analyzed the day of collection. 
Reagents 
1) 0.1 M Phosphate Buffer (pH 6.8) 
1.36 g KH2PO4 ---> 100 ml DD H2O 
1.74 g K2HPO4 ---> 100 ml DD H2O 
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Mix equal volumes of each solution. Check pH and add 
one or the other to balance pH. 
2) NADH (approx. lmM) (Disodium Salt) (Grade I I, 
98 % Pure) (Boehringer Mannheim, cat. # 128023) 
0.005 g NADH ---> 6.0 ml H2O 
Make up on day of use. 
3) 3-Hydroxybutyrate Dehydrogenase (5.0 mg/ml) 
(Grade I I) (Boehringer Mannheim, cat. # 12784 1) 
4) 1.5 mM Acetoacetic Acid (ACAC) (Lithium Salt) 
Standards 
(90 to 95 % Pure) (Sigma Chemical Co., cat. # A-
8509 } 
Make up on day of use. 
Dilute to the following concentrations for the working 
standards : 0.15, 0.09, 0.075, 0.045, and 0.0225 mM. 
Use two zero concentration standards as blanks. 
The standards must be taken through the entire 
procedure as small amounts of perchlorate will affect 
enzyme activity. Pipette into conical centrifuge 
tubes : 
1.0 ml standard and 1.0 ml of 1 M HCLO4 • 
Neutralize to pH 6.0 to 8.0. (Remember to record the 
volume of buffer added to adjust pH ! ! ! ). 
Centrifuge at 3g for 15 minutes. 
Standard dilutions : 
A) 0. 15 --> 2. 0 ml of 1.5 mM ACAC 
B) 0. 09 ---> 12. 0  ml of A plus 8. 0 
C) 0. 075 --> 4. 0  ml of A plus 4 . 0  
D) 0 . 045  --> 10. 0 ml of B plus 10 . 0  
E) 0. 0225 - >  10 . 0  ml of D plus 10 . 0  
Analysis 
Pipette into 12 X 75 mm culture tubes : 
0. 5 ml buffer 
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plus 18. 0 ml H2O 
ml H2O 
ml H2 O 
ml H2O 
ml H2O 
Sample/standard - 1. 0 ml for fed sheep and 0. 5 ml plus 
0. 5 ml H2o for fasted sheep. 
0. 05 ml NADH 
Read E 1 at 340 nm. 
Add 0. 005 ml 3-Hydroxybutyrate dehydrogenase and 
incubate at room temperature for approximately 20 min. 
Read E 2 at 340 nm. 
Important 
NADH will "react" slowly at room temperature but at 
about the same rate in all samples. The zero 
concentration ACAC standards can be used as a control 
for this. Pipette NADH into all of the cuvettes at 
known time intervals, i.e., 15 to 60 s. Then read E 1 
in all cuvettes at the same timed intervals. Incubate 
and read E2 at same timed intervals. 
Cal culations 
Calculate E 1 minus E2 for all standards, samples and 
blanks : 
Change in E of standard minus change in E of blank 
Change in E of sample minus change in E of blank 
17 4 
Plot a standard curve of change in E of standard versus 
concentration. 
Read the concentration of the samples from the curve. 
Multiply by appropriate dilution factors. 
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3 -HYDROXYBUTYRATE ANALYSIS 
Principle 
The beta-hydroxybutyrate analysis is  a 
spectrophotometric determination based upon a compounds 
(nicotinamide adenine dinucleotide , NAO , in this 
analysis) unique property to absorb a specific quantity 
of light of specified wavelenght. Beta-hydroxybutyrate 
is  indirectly determined from the concentration of NAO 
following the chemical reaction : 
HOOC-CH2-CHOH-CH2 + NAO ---> COOH-CH2-CO-CH2 + NAOH + H
+ 
beta-hydroxybutyrate acetoacetate 
Beta-hydroxybutyrate is oxidized , in a 1 : 1 
stocheiometry , using oxidized nicotinamide adenine 
dinucleotide (NAD+) in the presence of the enzyme beta­
hydroxybutyrate resulting in the formation of 
acetoacetate and reduced nicotinamide adenine 
dinucleotide (NADH). The change in absoption between 
the oxidized and the reduced forms of NAD results in 
the calculation of beta-hydroxybutyrate. 
Treatment of Blood 
1) Mix equal volumes of whole blood and 1 M HCLO4 
immediately after sampling. 
2) Centrifuge at 3g for approximately 15 min. 
3) Neutralize excess HCLO4 with KOH so that the final 
pH is  between 6.0 and 8.0. 
4) Centrifuge off the potassium perchlorate formed at 
approximately 3g for 15 min and then pour off the 
supernatant. 
5) Samples may be stored at -20° c for at least one 
week. 
Reagents 
1) 0.1 M Tris-HCl Buffer (pH 8.5) 
2.42 g Tris ---> 50 ml DD H2O 
pH ---> 8.5 with 1 M HCL 
Final volume ---> 200 ml 
2) Hydrazine-Tris Buffer (Burnt bacon buffer) 
2.5 ml Hydrazine Hydrate 
0.05 g EDTA 
12.5 ml 1 M HCl 
Volume ---> 50 ml with Tris-HCl Buffer 
Check pH, should be 8.5 
Make up on day of use. 
3) 14 mM NAD (Free Acid) { Grade II, 98 % Pure) 
(Boehringer Mannheim, cat. # 127990) 
0.03 g NAO ---> 3.0 ml DD H2O 
4) 3-Hydroxybutyrate Dehydrogenase (5 mg/ml) 
(Boehringer Mannheim, cat. # 12784 1) 
5) 2.0 mM 3-Hydroxybutyric Acids { Sodium Salt) 
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{98 % Pure) (Sigma Chemical Co., cat. # H-6501) 
Standards 
Working standards: 
2 . o , 1 . 6 , 1 . 2 , o . 8 and o . 4 mM 
The standards must go through the whole procedure and 
are treated as described in the acetoacetate assay. 
Standards: 
2 . 0  = 100 % ---> 20.0 ml 2 . 0  mM BOHB plus o . o  ml H2O 
1.6 = 8 0  % ----> 16.0 ml 2 . 0  mM BOHB plus 4 . 0  ml H2O 
1 . 2  = 60 % ----> 12 . 0  ml 2 . 0  mM BOHB plus 8 . 0  ml H2 O 
0 . 8  = 40 % ----> 8 . 0  ml 2 . 0  mM BOHB plus 12.0 ml H2O 
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Analysis 
Pipette into culture tubes : 
Sample/standard 0.25 ml (fed) 0.1 ml (fasted) 
Buffer 
NAD+ 
Read E 1 at 340 nm. 
0.75 ml 
0.50 ml 
0.05 ml 
0.90 ml 
o.50 ml 
0.05 ml 
Add 0.005 ml 3-hydroxybutyrate dehydrogenase and 
incubate at room temperature for about 45 min. 
Read E 2 at 340 nm. 
Important 
NAD and hydrazine form a complex which absorbs at 340 
nm. Therefore, a slow constant increase in absorbance 
occurs. This is similar to the acetoacetate assay but 
in reverse. So pipette the NAD and enzyme and take the 
absorbance readings at timed intervals as described for 
the acetoacetate assay. 
Calculation 
Same as for acetoacetate, except change in E is 
calculated from E 2 minus E 1. 
APPENDIX 6 
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INSULIN ANALYSIS 
Principle 
The insulin assay is a double antibody rad ioinununoassay 
wh ich uses guinea pig anti-bovine insulin as the f irst 
ant ibody (lAb) and goat anti-guinea p ig IgG as the 
second ant ibody (2Ab) . The procedure is based on the 
follow ing assumpt ion: 
The assum�;!on is made that 
1251 labelled bovine 
insul in ( I) and unlabelled (endogenous) insulin (I) 
w ill be bound to the same extent by the f irst and 
second antibod ies . Therefore, 50% of the antigen­
antibody complexes will be the labelled complex and 50% 
the unlabelled complex . 
1251 + I + lAb ----------> 125I- 1Ab + I-lAb 
125r-1Ab + I-lAb + 2Ab ----> 125I-1Ab-2Ab + I-1Ab-2Ab 
These second ant igen-antibody complexes, be ing of high 
molecular we ight, are centr ifuged out of solution and 
the ion iz ing rad iat ion ( in the form of gamma rays or 
photons) enuninating from the labelled antigent-antibody 
complex is measured using a gamma counter . 
Reagents 
1) Sod ium Hypophosph ite (NaH2PO2 * H2O) 
(Fisher Scient if ic co . ,  cat . # S- 321) 
2) Sod ium Chlor ide (NaCl) 
(Fisher Sc ient ific Co .,  cat . # S-231) 
3) D isodium Ethylened iam ine Tetraacetate (EDTA) 
(Fisher Scientific Co .,  cat . # S-311) 
4) Merth iolate (Th imerosal) 
(Sigma Chem ical Co . ,  cat . # T-5125) 
5) 5 . 0 M Sod ium Hydroxide 
(Fisher Scientific Co . ,  cat . # S-3 18) 
100 g NaOH ---> 500 ml DD H2O 
6) Bovine Serum Album in (BSA) 
(Sigma Chem ical co . ,  cat . # A-7888) 
(RIA Grade; Fraction V) (50 g) 
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7) Guinea Pig Serum (GPS }  
(Research Products International, cat. # 501005) 
( 15 ml) 
8) Bovine Pancreatic Crystalline Insulin 
(Sigma Chemical Co., cat. # I-5500) 
( 100 mg) 
9) Guinea Pig Anti-Bovine Insulin ( 1st antibody) 
(Miles Laboratories, Inc., cat. # 65- 101-1) 
( 1.0 ml Lyophilyzed) 
10) 125I-Insulin 
(Amersham Corp.) (5 uCi) 
11) Goat Anti-Guinea Pig IgG (2nd antibody) 
(Research Product s International, cat. # 500085) 
( 10 ml) 
12 }  Borosilicate Culture Tube s (12  X 75 mm) 
{ Fisher Scientific Co., cat. # 14-062-l0B) 
Reagent Preparation 
(For 3 assays of 123 tubes each) 
1) Pho sphate Buffered Saline (PBS-EDTA } 
Dis solve in 800 ml double distilled (DD) H2O :  
1.38 g NaH2PO2 * H2O 
8.77 g NaCL 
9.30 g EDTA * 2 H2o Disodium salt 
Adju st pH to 7.6 with 5 M NaOH 
Add 100 mg thimerosal and bring to 1.0 1 in a 
volumetric flask and store at 2 to 4° c .  
2) 1.0 % BSA-PBS 
Add 1.0 % BSA to cold PBS in a beaker and allow 
to dis solve (this takes approximately 2 to 3 h) 
while kept at 2 to 4° C. After B SA is dissolved, 
reajust pH to 7.6 using 5.0 M NaOH. Bring to 
desired amount in a volumetr .: ,� fla sk and store at 
2 to 4° C. 
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Note :  A total of 3 50 ml is needed . 2 50 ml can 
be made on day 1 .  This is enough to set up 
assays and dilute l�beled insulin . On day 3 ,  mix 
100 ml to dilute 2 n antibody . 
3 )  0 .2 5  % GPS-1 .0 % BSA-PBS-EDTA 
Add 2 50 ul GPS to 1 .0 % BSA-PBS and bring to 100 
ml in a volumetric flask .  
4) 1 st Antibody 
Reconstitute lyophilized guinea pig anti-bovine 
insulin according to manufacturers instructions . 
Use 1 .0 ml cold DD H2 o and then add 9 .0 ml 1 .0 % 
BSA-PBS- EDTA to give a 1 /10 dilution . This 
solution is then frozen in 0 . 1 5  ml aliquot s . 
(Use polystyrene tubes) . 
A 1 /8000 dilution is used for the assay . To 
obtain this dilution, 0 .05  ml of the 1 /10 
dilution is diluted to 40 ml using 1 .0 % BSA-0 .2 5  
% GPS-PBS-EDTA . 
5 )  Insulin Standards 
7 8 . 4 3 mg of bovine insulin (Sigma # 15 500) is 
diluted in 500 ml of 1 .0 % BSA-PBS-EDTA (at room 
temperature with 1 to 2 h of stirring) to yield a 
4 U/ml solution . 
Example; if insulin lot contains 2 5 . 5 U/mg then 
7 8 . 4 3 = 2000 u .  
1 .0 ml of this 4 U/ml solution is then diluted to 
100 ml in 1 .0 % BSA-PBS-EDTA to give a 40 mU/ml 
solution . 
The 40 mU/ml solution is then frozen in 0 . 5  ml 
aliquots using liquid nitrogen and stored at -
20° C for future use .  
To prepare standard solution, 0 .2 ml of the 40 
mU/ml solution is diluted to 4 .0 ml using 1 .0 % 
BSA-PBS-EDTA to give a 2 .0 mU/ml solution . The 
following dilutions of the 2 .0 mU/ml solution are 
then used to give solutions utilized for a 
standard curve : 
Standards 
(uU/ml) 
200 
120 
80 
40 
20 
12  
8 
4 
1 
2.0 mU/ml solution 
(ml) 
1 . 0  
0. 6 
0.4 
0.2 
0. 1 
0. 06 
0.04 
0.02 
0.005 
BSA-PBS-EDTA 
(ml) 
9. 0 
9 . 4  
9 . 6  
9 . 8  
9 . 9  
9 . 94 
9 . 96 
9 . 98 
9 . 995 
200 ul of these solutions are then used in each 
standard tube. 
6) Labelled Insulin 
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Labelled insulin is diluted with 1.0 % BSA-PBS­
EDTA to give a solution containing enough 125I­
insulin so that approximately 10, 000 cpm are in a 
100 ul sample. 
7) 2nd Antibody 
RPI antibody is thawed and diluted 1/80 u sing 1.0 
% BSA-PBS. Currently, RPI antibody is frozen in 
1.0 ml aliquots which can be
d
diluted to 80 ml. 
This would provide enough 2n antibody for 3 
as says plus some left over which could be quickly 
frozen and thawed prior to reuse. 
8) Guinea Pig Serum (GPS) 
Procedures 
Guinea pig serum should be frozen in 400 ul 
aliquots. 
Day 1. Add plasma/ standards, diluent and 1 st Antibody 
Day 2. Add 125I-Insulin 
Day 3. Add 2nd Antibody 
Day 5. Centrifuge, pour of and count precipitate 
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Day 1 
Label culture tubes. Usually, 3 as says are run 
containig 123 tubes each. Currently, the centifuge 
can hold 120 tubes (the 3 total tubes are not 
centrifuged) and a standard curve is prepared for 
each centrifuge load. 
Mix 1.0 % BSA with PBS-EDTA before use (usually the 
night before) and adjust pH to 7.6. 
Thaw an aliquot each of 1st antibody, in sulin 
standard solution and guinea pig serum. Prepare 
insulin standard solutions, GPS-BSt-PBS-EDTA (100  ml 
i s sufficient for 3 assay s) and ls antibody a s 
previously described. 
Dispense BSA-PBS-EDTA and GPS-BSA-PBS-EDTA into 
tubes a s needed
5 
standard solutions and plasma 
samples. Add 1 t antibody to all but total and 
non specific binding tubes. Mix tubes and incubate 
24 h at 2 to 4° c .  
Day 2 
Prepare labelled insulin and add 100  ul to all 
tubes, mix and incubate 24 h at 2 to 4° C. 
Day 3 
Prepare 2nd Antibody and add 200  ul to all but total 
tubes, mix and incubate 48 h at 2 to 4° C. 
Day 5 
Centrifuge at 3.0g for 30 to 35 min (do not 
centrifuge or decant total tubes). 
Pour off supernatant into waste bottle (quickly and 
gently) and place upside down on Kimwipe s in a foil 
lined box for at least 15 min. 
Wipe out the top half of each tube with a Kimwipe on 
a wooden applicator stick and count for 1.0 min. 
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Assay Protocol Using 400 ul Samples 
(Volumes in ul) 
Tube Plasma/ 
Standard PBS a GPS PBS C GPS 1st Ab 1251 2nd Ab -------- --------- --------- ------ ------
Total 
1-3 100 
N. S. 
4-6 500 100 II 200 
B . O. 
7-9  400 II 100 II II 
Std 1 
10-12 200 200 II II II II 
Std 4 
13-15 II II II II II II 
Std 8 
16-18 II II II II II II 
Std 12 
19 -21 II II II II II II 
Std 20 
22-24 I I  II II II II II 
Std 40 
25-27 II II II II II II 
Std 80 
28 -3 0 II II II II II II 
Std 120 
3 1- 3 3  II II II II II II 
Std 200 
3 4 - 3 6  II II II II II II 
Pld. 
Cal f  
37 - 3 9  400 II II II II 
1 8 6 
(continued) 
Pld. 
Cow 
40-42 II II II II II 
Unknowns 
43-4 4 II II II II II 
I I I I I 
122-123 400 100 100 1 0 0  1 00 
If plasma samples average greater than 20 uU/ml then 
the following protocol using 200 ul samples could be 
used : 
Tube 
# 
Total 
1 -3 
N . S .  
4-6 
B . O .  
7 -9 
Std 1 
10-12 
Std 5 
13-1 5 
Std 10 
1 6 -1 8  
Std 20 
1 9-2 1  
Std 40 
22-2 4 
Std 80 
2 5 -27 
Plasma/ 
Standards 
200 
II 
II 
II 
II 
II 
(Volumes in ul) 
PBS c GPS 1 st Ab 
100 
400 II 200 
300 100 II II 
100 II II II 
II II II II 
II II II II 
II II II II 
II II II II 
II II II II 
(continued) 
Std 120 
28- 30 II II II II 
Std 200 
31-33  II II II II 
Pld. 
Calf 
34-36 II II II II 
Pld. 
Cow 
37-39 II II II II 
Unknowns 
40-41 II II II II 
122- 123 200 100 100 100 
Points to Remember 
Keep all reagents and tubes on ice and as cold as 
possible. 
II 
II 
II 
II 
II 
100 
Calculate volumes of reagents needed before hand and 
mix accordingly to avoid waste. 
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Keep frozen reagents in a non-frost free freezer. 
BSA-PBS-EDTA should not be kept more than 4 weeks at 2 
to 4° C. 
GPS-BSA-PBS-EDTA should not be saved and used again 
after more than 2 to 3 d. 
Use "scrupulously" cleaned glassware. 
"Precision" pipetting is essential. 
Pipette solutions directly to the bottom of culture 
tubes as much as possible. 
Centrifuge using at least 1.5g in a refrigerated 
centrifuge at 2 to 4° C. 
APPENDIX 7 
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GLUCAGON ANALYSIS 
Principle 
The glucagon assay is a double antibody 
radioimmunoassay which uses rabbit anti-glucagon as the 
first antibody (lAb) and goat anti-rabbit IgG as the 
second antibody (2Ab). The procedure is based upon the 
following assumption: 
The assump!!gn is made that the 
125r labelled beef-pork 
glucagon ( I) and unlabelled (endogenous) glucagon 
(G) will be bound to the same extent by the first and 
second antibodies. Therefore, 50% of the antigen­
antibody complexes will be labelled complex and 50% 
unlabelled complex. 
125r + G + lAb --------> 125I- 1Ab + G-lAb 
125I- 1Ab + G-lAb + 2Ab ----> 125I- 1Ab-2Ab + G- 1Ab-2Ab 
These second antigen-antibody complexes, being of high 
molecular weight, are centrifuged out of solution and 
the ionizing radiation (in the form of gamma rays or 
photons) emminating from the labelled antigen-antibody 
complex is measured using a gamma counter. 
Reagents 
1) G lycine (NH2CH2COOH) 
(Fisher Scientific Co. , cat. # G-46) 
2) Disodium Ethylenediamine Tetraacetate (EDTA } 
(Fisher Scientific Co. , cat. # S-311) 
3) Merthiolate (Thimerosal) 
(Sigma Chemical Co., cat. # T-5152) 
4) 3. 0 M Sodium Hydroxide (NaOH) 
5) 10. 0 M Sodium Hydroxide 
6) 0. 02  N Hydrochloric Acid (HCl) 
(Fisher Scientific Co. , cat. # a- 144-S) 
7) Borosilicate Culture Tubes ( 12  X 75) 
(Fisher Scientific Co. cat. # 14-962-l0B) 
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8) Bovine Serum Album in (BSA) 
(S igma Chem ical Co., cat. # A-7888) (RIA Grade; 
Fraction V) 
9) Benzam idine Hydrochloride 
(Sigma Chem ical Co., cat. # B-6506) (25 g) 
10) Normal Rabb it Serum (NRS) 
(Miles Laboratories, Inc., cat. # 64-291) (50 ml 
lyoph ilyzed) 
1 1) Crystalline Beef-Pork Glucagon (El i  
Lilly Co.) ( 500 mg) 
12) 30 K Rabb it Anti-Glucagon Antibody ( 1st Ab) 
(Roger H. Unger, Dept. of Internal Med., Univ. of 
Texas, Health Sc ience Center at Dallas, 5323  
Harry Hines Blvd., Dallas, 75235) (25 ul) 
13) 125I-Glucagon 
(Cambr idge Med ical Diagnostics, Co., cat. # 120) 
( 10 uci; Stable for 10 weeks) 
14) Goat Ant i-Rabb it IgG (2nd Ab) 
(Research Products International, RPT # 500090) 
( 10 ml) 
15) Polyethylene Glycol PEG) 
(Sigma Chem ical Co., cat. # P-2139) 
Reagent Preparation 
1) 0.2 M Glycine-Merthiolate 
D issolve in 900 ml double distilled (DD) H2O: 
15 g Glycine (NH2CH2COOH) 
0.1 g Merthiolate 
Adjust pH to 8.8 with 3 M  NaOH 
F inal volume ---> 1.0 l iter w ith DD H2o 
Store at 2 to 4° c. 
2) 0. 05 M EDTA-Glycine-Merthiolate 
Di s solve in 900 ml 0. 2 M Glycine-Merthiolate :  
18. 6 g Na2EDTA 
Adjust pH to 8.8 with 10 M NaOH 
Final volume --> 1. 0 liter with 0. 2 M Glycine­
Merthiolate 
Store at 2 to 4° c .  
3) 1. 0 % BSA-Glycine-Merthiolate 
Dis solve in 100 ml 0. 2 M Glycine-Merthiolate 
1. 0 g BSA 
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Check pH, should be 8. 8 and need not be adjusted 
U se cold buffer in a beaker with a stirring 
magnet. 
4) 0. 1 M Benzamidine- 1 % BSA-0. 2 M Glycine-Merthiolate 
Prepare 1. 0 % BSA-Glycine-Merthiolate a s in # 3 
Add 1. 566 g Benzamidine Hydrochloride 
Adjust pH to 8. 8 with approximately 75 ul 3 
MNaOH. 
5) 0. 25 % Normal Rabbit Serum-EDTA-Glycine-Merthiolate 
Dilute in 100 ml 0. 05 M EDTA-Glycine-Mertiolate :  
250 ul NRS 
Mix immediately before use 
Store at 2 to 4° c .  
6) Rabbit Anti-Glucagon Antibody ( 1st Ab) 
The 30 K Ab is shipped lyophilized with a 
recommended final culture tube dilution of 
1 : 100, 000. 
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To reconst itute Ab with this volume and t iter: 
Remove stopper (after tapping l ightly to d islodge 
any Ab bound to stopper) and add 5.0 ml cold 1.0 
% B SA-Glycine-Merth iolate. Replace stopper, mix 
b6 gentle inversion and let solut ion s it at 2 to 4 C for 1 h, inverting it every 10 to 15 min. 
Th is g ives a 1: 200 dilut ion. 
Transfer solution to a cold 15 ml centrifuge tube 
(on ice). Wash orig inal tube w ith 5. 0 ml 1.0 % 
B SA-Glyc ine-Merth iolate and add to the orig inal 
5.0 ml to give a 1: 400 d ilution. 
Th is solution should be frozen and stored in 500 
ul aliquots us ing l iquid nitrogen and 12 X 75 mm 
polypropylene culture tubes. 
For the assay, use a 1: 50 dilut ion of the 1: 400 
solut ion for the working solut ion. Thaw one 500 
ul al iquot per 123 tube assay and d ilute to 25 ul 
using 0.25 % NRS-EDTA-Glycine- Merth iolate. 
M ix immed iately before use and keep at 2 to 4° C. 
7) Glucagon Standard Solut ion 
We igh out 10 mg crystalline glucagon. Dissolve 
in 20 ml 0.02 N HCL to give a solut ion of 0.05 
mg/ml. The optical dens ity of th is solut ion 
should be 1.005 at 278 nm. 
If the OD is not 1.055, then correct the d ilution 
to g ive an equivalent final concentration 
assum ing that: 
0.5 mg/ml "X" mg/ml 
----------- = -----------
1. 055 OD Actual OD 
D ilute 1.0 ml of the 0.5 mg/ml solut ion to 100 ml 
in 1.0 % BSA-Glycine-Merthiolate to g ive a 5.0 
mg/ml solution. 
D ilute 0.5 ml of th is 5.0 mg/ul solution to 500 
ml using 1.0 % BSA-Glycine-Merth iolate to g ive a 
0.005 ng/ul solution. 
Quick freeze this solntion in 2.2 ml al iquots 
( 1.917 ml per standard curve per assay are used). 
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Standard solution is used at this dilution. Thaw 
immediately before use and keep at 2 to 40 c .  
8) Labelled Glucagon 
Reconstitute using 5.0 ml Benzamidine-BSA­
Glycine-Merthiolate and dilute such that 100  ul 
contains 8000  cpm. 
9) Goat-Anti-Rabbit IgG (2nd Ab) 
Thaw the 10  ml received from RPI and quick freeze 
in 1.0 ml aliquots. 
One 1.0 ml aliquot is diluted to 6 0  ml using 0.2 
M Glycine-Merthiolate. 
Store at 2 to 4° c .  
10) Normal Rabbit Serum (NRS) 
Should be frozen in 1.0 ml aliquot s. 
1 1) Polyethylene Glycol (PEG) 
Make up a 6.0 % solution and store at 2 to 4° C. 
Procedure 
Day 1. Add buffer, standard, plasma and 1st Ab and 
incubate for 12 h. After the 12 h incubation add 
labelled glucagon and incubate for 48 h. 
Day 3. Add 2nd Ab and PEG and incubate for 1 h. 
Centrifuge, pour off and count precipitate. 
Make sure there are adequate quantities of al l reagents 
before beginning. 
Mix buffers needed before beginning, usually 12 to 24 h 
before hand. 
Day 1 
Thaw: 3 500 ul aliquots 1st Ab 
Three-2.1 ml al iquots Standard Solution 
One aliquot NRS (at least 250 ul) 
Three- 1.0 ml aliquots of pooled plasma 
Samples (42 per as say) 
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Prepare 100 ml 0.25 ! NRS-EDTA-Glycine-Merthiolate 
and u se to dilute ls Ab as previously descr ibed 
( 1.5 ml 1st Ab to 75 ml NRS-Buffer). 
D ispense 1.0 % BSA-Glyctne-Merthiolate, standard 
solution, plasma and ls Ab a s needed. M ix tubes 
and incubate 12 h at 2 to 4° c .  
Prepare labelled glucagon and add 100 ul to all 
tubes. M ix and incubate for 48 h at 2 to 4° c .  
Day 3 
Prepare 2nd Ab and 6. 0 % PEG. M ix together the 
neces sary volume needed as follows: 
F ive part s cold 6.0 % PEG 
Two parts 2nd Ab 
Add 1.0 ml of 2nd Ab/PEG mixture to all but total 
tubes and incubate at room temperature for 1 h. 
Cent ifuge at Jg for 40 min (do not centr ifuge or 
decant total tubes). 
Pour off supernatant into a waste bottle (quickly 
and gently) and place up s ide down on K imw ipes in a 
foil l ined box for 15 min. 
Wipe out the top half of each tube w ith a K imwipe on 
a wooden applicator stick and count for 1.0 m in. 
D i spose of tubes as soon as pos s ible. 
195 
Blood Col lection 
Blood should be collected in tubes containing 
benzamidine hydrochloride at a final concentration of 
0. 03  M and Na2EDTA at a final concentration of 1. 2 
mg/ml. 
Prepare tubes by adding 50 ul of the following 
benzamidine-EDTA-saline solution per 3 . 0 ml of blood 
sampled: 
Dissolve in 1. 0 ml of 0. 9 % saline : 
0. 2347 g Benzamidine Hydrochloride 
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Assay Protocol 
( Volumes in u l )  
Tube Plasma/ 
BSA-Gly-Mert. Standard 1st Ab 125 1  2 nd Ab/ PEG ------------- -------- ------ ----------
Tota l 
1- 3 10 0 
N.S. 
4-6 6 0 0  " 1000  
B . O. 
7 - 9  4 0 0  2 0 0 II II 
Std 5 
10-12 3 9 9  1 II II II 
Std 15 
13 - 15 3 9 7  3 II II II 
Std 2 5  
16 - 18 3 95 5 II II II 
Std 5 0  
19 -2 1 3 9 0  10 II  II  II  
Std 100  
2 2 -24 3 8 0  2 0  II II II 
Std 2 0 0  
25-2 7  3 6 0  40 II II II 
Std 40 0 
2 8 - 3 0  3 2 0 8 0  II II II 
Std 8 0 0  
3 1- 3 3  240 16 0 " " II 
Std 16 0 0  
3 4- 3 6  8 0  32 0 II " II 
Pld. Ewe 
3 7 - 3 9  10 0 3 0 0  II II II 
Unknowns 
40 -42 II II " " II 
122 - 12 3  10 0 3 0 0 2 0 0  1 0 0  10 0 0  
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Standard = 0.005 ng/ml. Unknown concentrations from 
this standard curve will be the concentration per 300 
ul plasma , so a dilution factor of 3.3333  should be 
used to give the concentration per ml. 
Points to Remember 
Keep reagents and assay tubes on ice and as cold as 
possible/practical. 
Keep frozen reagents in a non-frost free refrigerator. 
Do not use buffer with BSA stored longer than 4 wk. 
Use scrupulously cleaned glassware. 
APPENDIX 8 
ANTIPYRINE ANALYSIS 
Reagents 
1 )  Zinc Sulfate (ZnSO4 * 7 H2O) 
(Fisher Scientific Co. , cat. # Z-6 8) 
Dissolve in 700 ml double distilled (DD) H2o :  
100 g ZnSO4 * 7 H2O 
40 ml 6 .0 N H2 SO4 
Final volume ---> 1 .0 liter. 
2) 6 .0 N Sulfuric Acid (H2 so4) N  
(Mallinckrodt Inc. , cat. # 2 87 5-9) 
1 6 . 5 6 ml 12.0 N H2 so4 ---> 100 ml DD H2O 
3 )  4.0 N Sulfuric Acid 
1 1 .0 4 ml 12.0 N H2 SO4 ---> 100 ml DD H2O 
4) 0.07 N Sulfuric Acid 
1 . 9 32 ml 12.0 N H2 SO4 ---> 1 .0 liter DD H2O 
5) 0.2 % Sodium Nitrite (NaNO2) 
(Fisher Scientific Co. , cat. # S-3 47 )  
0. 1 g NaNO2 ---> 50 ml DD H2O 
6 )  0.7 5 N Sodium Hydroxide (NaOH) 
(Fisher Scientific Co. , cat. # S-3 1 8) 
30 g NaOH ---> 1 .0 liter DD H2O 
7 )  Antipyrine (2, 3 -dimethyl-1 -phenyl-3 -pyrozolin-5-one) 
(Sigma Chemical Co. , cat. # A-5882) 
1 9 9 
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Preparation of Standards 
1) Antipyrine Stock Solution 
100 mg Antipyrine ---> 100 ml DD H2O 
2) Standard d ilutions of stock solution : 
20.0 ug = 0.600 ml stock solution + 29.40 ml 0.07 N H2SO4 
10.0 ug = 0.300 ml stock solution + 29.70 ml 0.07 N H2SO4 
5.0 ug = 0.150 ml stock solution + 29.85 ml 0.07 N H2SO4 
2.0 ug = 3.0 ml 20.0 ug standard + 30.0 ml 0.07 N H2SO4 
1.0 ug = 2.0 ml 20. 0 ug standard + 40 . 0 ml 0. 07 
Assay Procedure 
1) P ipette 2. 0 ml plasma into 15 ml centrifuge tube. 
2) Add 2. 0 ml DD H2o and mix. 
3) Add 2. 0 ml z inc reagent and mix. 
N H2SO4 
4) Add 2.0 ml 0.75 N sodium hydrox ide qu ickly to each tube and 
m ix v igorously for 15 s. 
5) Allow to stand for 10 min at room temperature and then 
centrifuge at 3g for 15 m in. { Should obta in a crystal 
clear supernatant). 
6) Transfer 3.0 ml of clear supernatant and standards into 
d isposable cuvettes and add 25 ul 4.0 N H2SO4. M ix each 
sample. 
7) Read absorbance at 350 nm. Three ml of 0.07 N H2SO4 plus 
25 ul 4.0 N H2SO4 are used to zero spectrophotometer. Record 
E1. 
8) After read ing all samples add 50 ul 0.2 % NaNO2 and mix. 
Incubate for 20 min at room temperature and read E2 at 350 nm . 
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Calculations 
1) Obtain a linear regression equation by regressing OD units 
versus standard concentration. 
2) Subtract E2 minus E 1 and obtain E 3. 
3) Utilizing E 3 and the regression equation obtain sample 
concentrations. 
Points to Remember 
1) 
2 ) 
3 )  
Reagents do not have to be kept cold. 
Following centrifugation (obtainment of clear supernatant) 
samples can be stored at 2 to 4° C for 2 d before being 
read. 
Following addition of NaNo2 samples must be read within 35 min. 
APPENDIX 9 
MATERIALS 
PROLACTIN RADIOIODINATION PROCEDURE 
(From McKenzie, 1987) 
Protein: USDA bPRL-I-1 
Wheaton 1.5 ml flat bottom serum vial, acid washed 
Plate the reaction vessel with a solution of iodogen 
in chloroform at a concentration of 4 ug/50 ul. 
1. 50 mg in 5.0 ml; iodogen/chloroform 
2. 80 ul solution #1 on 900 ul of chloroform 
0.5 M Phosphate Buffer (PB) (pH 7.4) 
0.25 M PB (pH 7.4) 
0.05 M PB (pH 7.4) 
0.5 M Sodium Diphosphate Solution 
Sodium Metabisulfite 
(25 ug/ml in 0.25 M Phosphate Buffer) 
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Potassium Iodide ( 1 mg/ml in 0.5 M Sodium Diphosphate) 
Bovine Serum Albumin 
PD- 10 Sephadex G-25M column 
(Pharmacia, cat. # 17-0851-01) 
Proceed in a step-wise addition: 
1. 5.0 ug bPRL-I-1 in 35 ul of 0.5 M PB (pH 7.4) 
2. Add 400 uci 125-I (Amersham Co.) 
3. Mix thoroughly, but gently for 5 min. 
4. Add 200 ul Sodium Metabisulfite. 
5. Add 200 Potassium Iodide. 
6. Load on G 25-M Sephadex column for separation. 
7. Elute with 0.05 M PB plus 0.1% BSA. 
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SEPARATION OF IODINATED FRACTIONS 
Gel filtration was used to separate prolactin 
radiolabelled compounds. Upon loading iodinated material 
into the column, isolation of the labelled protein is 
accomplished through fractionating the eluted material in 
1.0 ml fractions. Radioactivity is monitored using a 
portable Geiger counter. Radioactivity is eluted from the 
column in two peaks; the first peak is the protein fraction 
and the second peak is the free iodide. Labelled protein is 
eluted within approximately the 11  to 13  fractions with the 
free iodide coming off the column within approximately the 
10 to 25 fractions. 
TRACER VERIFICATION 
Trichloroacetic Acid (TCA) Test 
Materials : 
Diluted radiolabelled protein (= 32, 000 cpm) 
Four 1.5 ml plastic microcentrifuge tubes 
18% TCA in 0.09 M PB 
1.0% BSA in 0.5 M PB (pH 7.5) 
Procedure : 
1. Add 25 ul of the diluted tracer to the 
microcentrifuge tubes. 
2. Set aside two tubes as controls. 
3. To the remaining tubes, add 100 ul of cold { 4 ° C) 
1.0% B SA, then add 200 ul TCA. 
4. Mix rapidly for 10 s. 
5. Centrifuge treated tubes at 3, 000 rpm for 5 min. 
6. Aspirate supernatant from the treated tubes and 
dispose of properly. 
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7. Count control and treated tubes on a gamma counter. 
CALCULATION OF PERCENT LABELLED HORMONE : 
Average cpm treated tubes 
Average cpm control tubes 
APPENDIX 10 
PRINCIPLE 
PROLACTIN ANALYSIS 
(From McKenzie, 1987) 
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The prolactin assay is a double antibody 
radioimmunoassay which uses rabbit anti-glucagon as the 
first antibody (lAB) and goat anti-rabbit IgG as the 
second antibody (2AB). The procedure is based upon the 
following assumption: 
Th� assumptionis made that the 
125r labelled prolactin 
( 1 5r) and unlabelled (endogenous) prolactin (P) will 
be bound to the same extent by the first and second 
antibodies. Therefore, 50% of the antigen-antibody 
complexes will be labelled complex and 50% unlabelled 
complex. 
1 25r + P + lAB ---------> 125I- 1AB + P-lAB 
125r- 1AB + P-lAB + 2AB ----> 125I- 1AB-2AB + P-1AB-2AB 
These second antigen-antibody complexes, being of high 
molecular weight, are centrifuged out of solution and 
the ionizing radiation (in the form of gamma rays or 
photons) emminating from the labelled antigen-antibody 
complex is measured using a gamma counter. 
REAGENTS 
1) Disodium Ethylenediamine Tetraacetate (EDTA) 
(Fisher Scientific co., cat. # S-3 1 1) 
2) Sodium Bicarbonate (NaHCO3) 
(Fisher Scientific co., cat. # S-233) 
3) Sodium Chloride (NaCl) 
(Fisher Scientific Co., cat. # S-231) 
4) Sodium Hydroxide (NaOH) 
(Fisher Scientific Co., cat. # S-3 18) 
5) Sodium Metabisulfite (Na2S2O5) 
(Fisher Scientific Co., cat. # S-244) 
6) Sodium Phosphate Monobasic (NaH2PO4 * H2O) 
(Mallinckrodt Inc., cat. # 7892) 
7 ) Sodium Phosphate Dibasic Anhydrous (Na2HPO4) 
(Mallinckrodt Inc., cat. # 7917) 
8) Potassium Iodide (PI) 
(Sigma Chemical Co. , cat. # P-4 28 6 )  
9) Merthiolate (Thimersol) 
(Sigma Chemical Co. , cat. # T-5 1 25 )  
10) Phoshate Buffered Saline 
1 1 ) Polyethylene Glycol (PEG) 
(Sigma Chemical Co. , cat. #  P-2139) 
1 2) Bovine Serum Albumin (BSA) 
(Sigma Chemical Co. , cat. # A-7 8 8 8) 
(RIA Grade; Fraction V) (50 g) 
13) Normal Rabbit Serum (NRS) 
(Miles Laboratories, Inc. , cat. # 6 4-291)  
(50 ml lyophilyzed) 
1 4) Prolactin Standard (USDA-bPRL-B-1 )  
(USDA Reproduction Lab. , Beltsville, Md.) 
(AFP-5300) 
1 5 ) 1 st Ab (Rabbit Anti-PRL) (DJB-7 -0330) 
(USDA Reproduction Lab. , Beltsville, MD.) 
1 6 ) 2nd Ab (Goat Anti-Rabbit IgG) 
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(Dr. Erickson, Dept. Anim. Sci. , Univ. of Tenn.) 
REAGENT PREPARATION 
1 )  0. 5 M Sodium Phosphate Monobasic Buffer (MPB) 
Dissolve in 250 ml double distilled (DD) H2O) : 
34.49 g NaH2P04 * H20 
Stir thoroughly until dissolved then bring volume 
to 500 ml and stir for additional 10 min. Filter 
solution through 0. 4 5  um filter storage container 
under vacuum. Store at room temperature. Good 
for 4 to 6 wk. 
2 }  0.5 M Sodium Phosphate Dibasic Anhydrous Buffer 
(DPB } 
Dissolve in 250 ml DD H2O: 
67.0 g Na2HP04 
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Stir thoroughly until dissolved then bring volume 
to 500 ml and stir for additional 10 min. Filter 
solution through 0.45 um filter storage container 
under vacuum. Store at room temperature. Good 
for 4 to 6 wk. 
3) RIA Buffer 
Dissolve in 700 ml DD H2O: 
1.0 g BSA 
7.89 g NaCl 
0.42 g NaHCO3 
100 mg Thimersol 
3.2 ml 0.5 M MPB 
16.8 ml DPB 
Stir thoroughly and bring to 900 ml and adjust pH 
to 7.5. Bring final volume to 1.0 liter with DD 
H2o .  These materials should be added to 
volumetric before addition of 700 ml DD H2O. 
4) EDTA 
Dissolve in 700 ml DD H2o :  
3 7. 22 g EDTA 
100 mg Thimersol 
17.0 ml MPB 
183.0 ml DPB 
Stir thoroughly and bring to 900 ml and adjust pH 
to 7.5. Bring final volume to 1.0 liter with DD 
H20. 
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5) 2. 0% Normal Rabbit Serum 
Dissolve in 700 ml DD H2o :  
20 ml NRS 
100 mg Thimersol 
3. 8 ml MPB 
16. 2 ml DPB 
Stir thoroughly and bring to 900 ml and adjust pH 
to 7. 5. Bring to 1. 0 liter with DD H2o .  
6) Polethylene Glycol 
7) 
Dissolve in 700 ml DD H2o :  
50 g PEG 
100 mg Thimersol 
3. 2 ml MPB 
16. 8 ml DPB 
Stir thoroughly and bring to 900 ml and adjust pH 
to 7. 5. Bring final volume to 1. 0 liter with DD 
H2O. 
Ab Buffer 
Dissolve in 700 ml DDH2O: 
7. 89 g NaCl 
0. 42  g NaHCO3 
18. 6 g EDTA 
3. 3 ml of 1: 300 dilution NRS 
100 mg Thimersol 
1. 7 ml MPB 
18. 3 ml DPB 
Calculation of amount ofAb buffer required : 
X total 
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----- = X 1.5 = volume of stock 1st Ab 
300 10, 000 
1. Stock Ab concentration = 1 : 300 
2. Ab concentration = 1 : 10, 000 
3. Total volume = 
[ #  tubes in as say + 25 (error) ] X 100 ul 
(amount/tube) 
4. Increase Ab concentration by 1.5 
5. Total volume - volume 1st Ab = amount Ab buffer 
requ ired. 
8) 2nd Ab Buffer 
Made from RIA buffer 
1. [ # tubes + 25 (error) ] X 100 ul = total volume 
2. Total volume - 8 = volume of stock 2nd Ab 
3. Total volume - volume of 2nd Ab = amount RIA 
buffer requ ired. 
9) Prolactin Standards 
The prolactin standard is stored frozen in an 800 
ul ampule which conta ins 102.4 ng prolactin/800 
ul. Standards are made from a serial dilution of 
the 12.8 ng standard. 
Standard dilutions : 
A) 12.8 ---> 800 ul of 12.8 ng standard plus 800 
ul RIA buffer. 
B )  6.4 ---> 800 ul RIA buffer plus 800 ul A .  
C) 3 . 2  ---> 800 ul RIA buffer plus 800 ul B. 
D) 1 . 6  ---> 800 ul RIA buffer plus 800 ul c .  
E) 0. 8 ---> 800 ul RIA buffer plus 800 ul D. 
PROCEDURES 
Day 1 
l }  
2) 
3) 
4 ) 
5) 
Day 3 
1) 
3) 
4 ) 
5) 
6 )  
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F)  0. 4 ---> 800 ul RIA buffer plus 800 ul E. 
G) 0. 2 ---> 800 ul RIA buffer plus 800 ul F. 
H) 0. 1 ---> 800 ul RIA buffer plus 800 ul G. 
Label culture tubes. 
Add pla sma or standard to numbered a s say tubes. 
Add 200 ul of 1st Ab to all tube s except TC and 
NSB tubes. 
Add 100 ul of PRL- 125I (tracer) and mix 
thoroughly. 
Incubate for 48 h at room temperature. 
Add 100 ul NRS to all tubes except TC. 
Add 100 ul 2nd Ab to all tubes except TC. 
Add 0. 5 ml PEG to all tubes except TC. 
Incubate for 5 h at 4° C. 
Centrifuge at 3g for 20 min. 
Decant supernatant and place tubes upside down 
onto cardboard box lined first with aluminum foil 
and then several layers of paper towel. This is 
to allow as much supernatant to run out of tubes 
a s pos sible. Be careful not to lose pellets 
which may not have adhered firmly to bottom of 
culture tube. Allow to stand upside down for at 
least 10 min. 
7) Count the pellet on gamma counter. 
Day 1 213 
( Volumes in ul) 
Tube P lasma/ 
Standard RIA Buffer 1st Ab Tracer 
Total 
1-3 100  
NSB 
4 - 6  600 " 
BO 
7 -9 4 0 0  " 
Std 1 
10-12 200  300  200 " 
Std 2 
13-15 " II II II Mix 
Std 3 
16-18 II II " II thoroughly 
Std 4 
19-21 II II " II and 
Std 5 
22-24 II II II " incubate 
Std 6 
25-27 " II II " 48 h at 
Std 7 
28 -3 0 " II " II 3 40 C .  
Std 8 
3 1-33 II " II II 
Std 9 
33-35 II " " II 
Std 10 
3 7 -3 9  " II II " 
Q.C. 
40-42 100 3 0 0  200  " 
Unknowns 
43-123 100  3 0 0  200  " 
Day 3 214 
(Volumes in ul) 
Tube 
2nd Ab # NRS PEG 
Total 
1-3 
NSB 
4 - 6  100 100 500 
BO 
7-9  II II II 
Std 1 
10-12 II II II 
Std 2 
13 -15 II II II Mix 
Std 3 
16-18 II II II thoroughly 
Std 4 
19 -21 II II II and 
Std 5 
22-24 II II II incubate 
Std 
25-27 II II II 5 h at 
Std 7 
28 -30 II II II room temperature. 
Std 
3 1-33 II II II 
Std 
3 4 -3 6 II II II 
Std 10 
3 7-3 9 II II II 
Q. C. 
40-4 2 II II II 
Unknowns 
4 3 -123 II II II 
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